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Figurel: CRAVEzero approach for cost reductions in the lifecycde of nZEBs.

Cost optimal and nearly zero energy performargenstruction industry processes, as well as with
levels are principles initiated by the European Unanning, design, and procurement procedarees

i onds ( ER¢)formaAncte of Bwidind3i- themajorchallenges.

rectve, which was recast in 26h@ amended 2018

These will benajordrivers in the construction sec-The followingguidelinegpresents a framework for

tor in the next fewearsecause all new buildings irensuring the process quality of the new nZEBs. We
the EU from 2021 onwards are expected to be neailyi outline the key actions needed to ensure the
zero enerdyuildingsiiZEB).WhilerealeednZEBs  achievement of energy and cost related gosls
have clearly shown that neadyo energy target senting aeplicable planning, desigonstruction,
could be achieved using existing technolagiés and operation process. The development of a clear
practices, most expesigree that a broad scale shititnd comprehensive life cycle process that includes
towards nearlgero energy buildingsquirssignif-  the potatial for specific and measurable actions
icant adjustments toprevailingbuilding market (both cost savings and energy) is critical to ensure
structures. Costffective integration of efficient sogoals are met in a cestective marer.

lution sets and renewablgergy systenis,a form
that fits with thedevelopment, manufacturing and




In thisguidelinghe0 CR AV E z e r désdesarileedt ergasises the process of briefing, designing, con-
structing and operating EBsin different life cycle phaségtions, stakeholdeelations, pitfalls and bot-
tlenecksas well as the raopd goalsre pointed out in detalonsidering the importanceldne complexity

to reacltthenZEB standard in a cegptimal way for all the different stakeholders during the pnocgss
tiple actions are requirddhese are however missing in thedsted planning proce3sis report provides

an operativenethodology to achieve the best conditions towards cost ogtiBal in the whole planning,
constructiorand operation processnsidering aletevant decisigrco-benefits, involved playas vell as
relevant coseductiorpotentialsA process map that connects the entire project lifecycle for design, plan-
ning, operation and end of life phaseompanies this repdrhis process map is a workflow that {oin
out cost reduction potentials thgh all the stages of the process whetealifferent parts are linked to
provide summaries and reports to the deaisaders in leadership roles.

The main dditional advantages of integratieyd C R AV E z eer sastostanolardized building pro-
cesseare listed as follows

1 Reduce risks

Speedup construction and delivery

Control costs and energy performance

Foster integrative design and make optimal u
Establish measurable successrizi

= =4 =4 =

Furthermore, during the whaeocess, four critical issues have to be tracked foZiks
1 How efficiently can energy be consumed?
1 How much energy can be producegitef?
1 Which environmental conditions can be controlled?
1 How can be definedehmal comfort and what-benefits cabe expected?

As a mainresultthise port al so comes al ong with a -tausewn!| o0ac
Excelfile with VBA macroshat combineproject rolesactions, and design responsibility imatis based

on the experiencetbfe whole consortium in the area of holistic project management with a iitegsain

building planning of nZEB4$t gives support on holey performance parameterschieve successful

nZEBs should berioritized and can be tracked along the whaeyi€leprocessA short manual of the

tool can be found in chapter 7.

It can be downloaded henéip://www.cravezero.eullifecycletracker
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CHAPTER 1
INTRODUCTION




1.INTRODUCTION

In addition to legal and urbboundariesbuildings Especially in th@lanning phase, the choice and
are essentially definley the client. Owners or in- combination obuilding materials andahnologies
vestors want to construct or renovate buildings foaadtheexecutioron the construction siges welbs
specific purpos@lso,the buildings technical qualitytheoveralintegraplanning, construction and oper-
and the comfort standandveto beachievedavithin  ationare of great importance. The range of services
project specific budget limitations. Architects amtovided to buildings in the urban context today has
specialisd planners translate the client's ideas aatso changed over time and ghinew aspects.
wishinto real plans and are responsible for the dgearly zero energy buildingsreasingly becaac-
propriate exadion of the building project. Con- tive participant®f our energy supply infrastructure
struction companies andatsmenfrom numerous and raise new challenges concerning the quality of
different disciplines are involved in constructing tianning, construction and operational phase of a
building. There is a constant coordination procdssilding Thisresuls in new appraches to innova-
between the client, the planners and the contractive energy concepts for both the building disd
in order tqoreparetheconstruction of a building and tricts. Innovations related to the realisation of
if necessary, to reaot changing conditionkke nZEBsarise in different life cycle phases of buildings
costs, schedules, requests from the client, weathad at different points of the value chainin the build-
etc (Arnold 2005). ing industryTo reduce costsiccelerate processes
and assure the qualityrdfEBs the right decisions
have tabe takerat the ideal timeithin the overall
process.

1.1. OBJECTIVE

To optimise nZEB planning activities at different levels, from urban and spatial planning to thgd tsuildin
detailed design.

The focus on the devel ope dstopemdieaommorinteedisaplh&yA VE z e
understanding of the complexity of nZEB planning processesrfeolattdstakeholders. wellorganised

and transpareptocesss akeyissue of achieving the goal of @ggtmal and sustainable nZEBs throughout

the entire life cye phase.

The complexity of processes in the life cycle of n&eRe of the main reasons why nZEB developments

fail in the planning, constructionlater on in the operational phase. Already from the very beginning, pre-
requisites musie createah order to define the requirememisdclear project objectives must be defined.

Too often, promising building concepts fail to achieve costs and eaklrggcause project participants are

not sufficiently aware of theanifoldinteractions of holistic plaing contexts.
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Figure2: The influence on the process decreases while the costs increase during the life cycle of anZEB

In order to minimise risks and possible bot
necks, obstacles must be identified at an
stage. It is necessary to establish a cormr
planning understanding for nZEBs among
actorsearly onThe design of new nZEBs be
gilswith maximizing passidesign, yeimiting
energy consumption from the gii@. dothis
planneroften need to challenge the norms
traditional designs.

RENEWABLES

Figure3: Steps to reach nZEB standard

Each buildinghas itsunique process, wheaechi- organized framework for a systematic approach for
tectoftenstart from scratch, collect the informatiorthe life cyclgrocess of lowost nZEB is needed

and constraints of the local context, deectlip A clear conection between the building perfor-
building, carry out cesptimal performance analmances and the related costs is essential for ensuring
yses, hopefully incledn evaluation of the potentialthe clarity of the procegsstrategic elemeint the

for using renewddenergy. This means extra coswhole process the introduction of a performance

for the design procesitakeholdenepeat almost based procurement approasta common practice

the sameproceduresvithout a coordinated and not only forpublic tendering but also for private
standardised proces8s a startingpoint an construction.
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Figure4: Processteps to reach nZEBtandard along life cycle phases

1.2. STATEOFTHEART

(Ferrara et al., 2018ate that in fadtuildingwith  to quantifythe added value of a green building

high energy performance have become technicallgnetary termd&.heir assessment waessed on a
feasible, but amot yet coseffective This consti- planning process also including secimnomic pa-
tutes the main barrier in their implementation. Thameters influenced by tpealityof thebuilding.
principle of cosbptimality has been introducedto( D & A g o s Parkaro201&mow how the opti-
move national minimum energy performance meal measure set can be found. But how can the
quirements towards the achievement of econorkirowledge on optimal design be tied to the building
cally feasibleZEB targes, considering also operat-process? Which actors should be involved, ahd wha
ing, replacement and disposal costs. actions have to be taken in the process at which time
A framework for the cosiptimal design afZEBs  step? Is the traditmal development process of
has been presented bpyDd Ago st i n o bualdinds sitable to e@ealize market penetration of
2018)Thisframework studgontains data regardinghighlevel nZEB buildings?

costs, energy prices and climate data. One impottardrder to get answers to these questions, it is im-
conclusion is that the most common optimizedortant as &rst step to clarify with which construc-
nZEB configuration foresees a combination of godiibn procedure the project is to be handled
insulation, building agtitness as well dass A+  One prominent example of different construction
appliances, lighting, and home energy managenpeotedures implying on the interface between phases
systems along with PV. Depending on the climalies in the decision on the project delivery system
airtightness and insulation (colder climates) or effonchar and Sanwid1998)In Europe, the stand-
ciency of appliances as well agiimgsolar gains ard project delivery systasmdesiged bid build.
(warmer climates) hastte considered first. Thismeanghat there is a clear cut between the de-
Recent Austrian studies have showndbagtruc- sign phase and the build phase, which is marked by
tion costs obuildings negrassive hous#andard the procurement of the construction companies
increaseompared to thosef minimumnZEB re- ( 0 bi d di n g 6mplicationsare that aon-t [
guirement&n a range of to 6%, butthese highly struction companies do not take part in the planning
efficient variants redethe primaryenergy demand phaseand that the owner has to invest additional
by 72% Ploss et al. 2017)Bergren, Wall and time for assigning construction contrads.
Togerd 201p8tried to breakraditional ways of cal- alternative approach is the debigiid approach,
culatinghZEB profitahlity withLCC analysisying which is increasingly used woitte for



construction projects What does this medar the goal of promoting
(Torcelliniet al, 2004 have studied the realizationnZEBs? Itmeanshatit is not only important to con-
process ohZEB buildings looking at various case sider single actions of single users in determined
studies omZEB construction processes. They inbuilding phase®lessT orcellini and Shelton, 2011)
vestigated the project delivery system ofdgidfior- agree that desigmild allows for higher
mance / low energy buildings and came to the cachievements of enesefficient buildings and
clusion that performant@ase desigrbuild wasthe nZEBs. Theyarguethat it is the integration of
best approach to realize a high quality at low cpkinning and corrsiction that allowmeachingnore
(Deru and  Torcellini, 2004; Crawfordambitioredtargets. This meandad thatthe actors
Czerniakowskiand Fuller, 2011; Pless, Torcellini afdolanning and construction need to work in an
Shelton, 2011 performancéasediesignbuild  exchangingay.

the planning and construction phase are stronglyAndetailed case study on the desigia process is
terconnected sinceethowner engages a team oincluded in the report on the building of the NRE
planners and constructdosplan and realize the facility in the USU.S. Department of Ener@012).
whole building for a thoroughly defined functiodust like integting planning and construction can
and atfixed cost The owner moreover mondgar enhance the possible outcome, the same can be
awards the team for achieving an even higher stamgbected from intertwining urban planning and
ard throughout the process.eTimportant point is planning alsoincluding actors of the operation
that performancbased desigpuild can be used to phaserito the planning phasesijtagas also found
integrate planning and construction phase forn t h e 0 R e njecyKor8rateneooVaw pr o
achieving the spécigoal of ahighperformance Loon,Poppe 2014).

nZEB by assigning this as weidfined target to the Energy matters can be considered in the land use
planning and construction team. plan on a large scale level or in detail: In many
(Konchar and Sanvido, 19@8hclude that design European countries efforts are growingotasicler

build show major advantages in terms of costs aergy matters already in an early plaphiase
performance compared to other project delivery sfghivov et al., 2014)

tems.

1.3. STAKEHOLDER RELATED PROCESSES

In order to be able to optimise existing processes, technical qualifications, actions to be taken and roles mus
be known andasksand functions of the stakeholders assigned.

The assessment of the process for nZEBs depends strongly on the perspective. Building owners, investors
tenants, the construction industry, providers of energy efficiency solutions and plannerseimawsdiffer

ests and are involved in different phases in the life cycle of biiltengsés a general lack of understanding,
transparency and uniform methods when it conthe toveralbrocess of nZEBsWhich cost and time

horizons are significant fdifferent actors and to what extent

In the life cycleof abuilding there are different in- the overalprocessover acertain period of time.
terests of the actors and derived from this also difhile the tenant is primarily interested iofeza-
ferent perspectives, observation periods and targahalphase, the planner is usually more likely to deal
values. Theiisthe tenant/user, the real estate agemtith the building only untis completion. If a prop-

the building contractor, planner, property managerty is financed and used byrémdenhimself, te
invesor, owner and also the company which is dentire lifecycle up to a change of use is usually of
rectly or indirectly involvew the buildingporocess interest. Depending on the approach, this can be be-
As shown irFigureb, these actorare involved in  tween 25 yeaiafter repayment of the bank Icanal




up to 50 yearafter increased consideration of th& he period under consideration mtistreforebe

use. For society as a whole, the entwecedife of determined in advance with the parties involved. For
a building, including its demolition and disposal, usnest of the considerations of the entiréding, be-

ally counts. tween 25 and 50 years have gmdw be reasonable.

Stakeholders

Tenant / user 3 —30years

Real estate agents 1-2years

Builder/ Construction company 1 -5 years (Guarantee)

Planner 1 years

Property management 1-50 years (Contract duration)
Investor 1-5years

Building owner / landlord 20 - 50 years

Building owner (public) 50— 100 years

Society > 100 years

Figure5: Staleholder$itime expectancyf a nZEB project

Indirect Influence

Direct Influence

Maintenance and

repair

Urban Planning /
Renovation
End of life

spatial planning
Planning
Construction
Operation

Stakeholders

Tenant / user

Real estate agents

Builder/ construction company
Planner

Property management
Investor

Building owner / landlord
Building owner (public)

Society

Figure6: Stalkeholder$influence imZEBlife cycle phases



1.4. CO-BENEFITS

Similarto the stakeholder relateg@rocessedhe different target criteaad cabenefitalso vary depending

on the perspective of teakeholdefFigure7 shows the criterend cabenefitsaaccording to the interests

of thedifferentactoss. In addition to low rental codtise tenant is also interested in low operating costs and
thus in a goodrergy standard, e.g. so thadthshehas low heating costs. The building contractor is usually
anxious to keep his herbuilding costs low. In the case of owsezupied real ege, both cost components
are important, the initial investment as welieasunning costs. Fpublic owners and usehe totalife
cyclecosts and also the effects such agg@ssions are important.

Indirect relationship

Direct relationship

Marketability
Lettability
Comfort
Durability

Arch. quality
Energy Savings
User satisfaction
Climate protection
Energy autonomy

Value development
Image

Rental income

Stakeholders

Tenant / user

Real estate agents

Builder/ construction company
Planner

Property management
Investor

Building owner / landlord
Building owner (public)

Society

Figure7: Staleholdergelated benefits and-benefitsof nZEBs

In addition to the optimisation criteria and thus theonetary terms, communicating and presenting
benefits that can be directly assessed in monelarginess opportunities in a business language that
terms, there are also differeobenefits for the in- potential investors are familiar with, as technical per-
dividual actors, which often cannot be assessedfdimance is less likely to attract their int¢Bdesyl,
redly in monetary terms and therefore doppear 2016) Co-benefits such as incredg@oductivity,

in the life cycle cost analysis. These benefit®andmproved health, publicity value, etc. need to be
benefits are shown in Figlr& Theseconcern mar- quantified. The calculation may not be complex; the
ketability, rentability, value development, comfodhallenge is to gatheellproveninput data for the

but also image, climate protection or regiaads g calculations.

such as energy autonomy. Where possitdse However, examples exisiare increased productiv-
benefits and additional benefits should be taken iitig higher revenueeduced employee turnover, re-
account in the decisiomaking process. These addduced absenteeism, etc. have been quaiiitad
tional criteria can often overlap the main criteria. ®917). Additionallystudies do exist which may be
example of this is the use of an air heajppn a used as a basis for analysing added values.

very noiseensitive environment. & hir heat pump Studies show that staffs in greeitdings perceive a
can perform relatively well in terms of energy apdsitive effect of their work environment and
costs, also in termslde-cyclecosts, but can lead to productivity(Thatcher, 2014Brew 207T) (Singh,
problems due to increased noise polluéibthe 2010)In one case, a DW0 M office building,
property and the neighbouring progextt is im-  increaseg@roductivity of 0.3 % asreported, equal
portant to quantify added vale¢ nZEBs in to8 (2. m



Two studieshavefound reduced absenteeism It should be notedin relation to green buildings
green buildingg hatchey2014) productivity and wellbeindhat a recent study
An American studghowed that roughly 28 % of pointed outthat social factors may have a greater
534 companies reported higher employee moraigpact, in monetary terntsanenvironmental fac-
easier to recruit employeesimore effective client tors(Hugh, 2016)
meetinggMiller, 2009) Additionally, 19 % reported The value of a positive news article about a specific
lower employee turnover. building or a specific project could also be compara-
In addition to welbeing and productivity, higherble to advertising costs in the specdioree, in
revenues from rent or sales may be expected. Blehich the article is publish@erggren, 2017)
et al reviewed previous studies and concluded ti@ahe way to discuss the importaaioginvestigadn
higher rent incommightrange roughlpetween 5 ondifferent cebenefits may be to rank them as pre-
% and 20 %. Furthermore, higher market valuatigsnted irFigure8. The classification is a subjective
may range from below 10 % to up to 30 %. judgement, highlighting the relevance and the diffi-
cultyin valuinghe cebenefits discussed above

High
\ ; Higher work productivity
Marketability Rental income
- Reduced enployee
b Lettability turnover Reduced sickness absence
; Durabilit
v urabili
O Value development User satisfaction L
c
= Comfort Image
o
9]
Y
J}
e :
g Energy savings Arch. quality
1]
I Energy autonomy
Climate
protection
v
Low —
Easy < P Difficult

Difficulty of quantification

Figure8: Co-benefits classification nZEBs based oBleyl et alf1].

1.5. THEPROCESSOFNZEBS 0BARRIERS AND CHAL-
LENGES

In the course of the ISEC Conference 2018 in Graz, Austrizeg wais conducted during a workshop,
which focused on planners, researchers and contractors.

The online survey toblentimeter was used for this purpds$e results can be immediately evaluated and
shared with the respondents in real time. In this veangdhlts could be discussed in the subsequent panel
discussion of the workshop. Based on the experiences inidbs pesfessions, the survey asked what
challenges are seen in the implementatineasfyzereenergyuildings, what is needed to makalizi
efficient buildings more marketable and what added value is seen in such buildings.




A total of 102people tookpart in the survey, divided into three occupational groups as follows:
1 Plamers: 40
1 Researchers: 57
1 Construction companies: 5

1. Whatare the  main challenges (barrieres) to realise a nZEB s?

From the survey results of the first question, which can be seen inFragui&st can be seen that the
challenges are similarly on average by all groups of actors surveyed. However, theresisswaoongen
the groups of actors surveyed.

Lack of communication / documentation

4
4,1

Too manyregulations / lack of support from authorities

L e
T

Excessively high costs

L e
e W

to realise a netlyZEB?

Lack of knowledge about technologies and costs

L
T

What are the main challenges (bartietes)

Todis agree I agree

Planner m Researcher

Figure9: Mentimeter survey answers of planners esghrchemdealing with implementation challenges and showing specific median values

On closer examination and analysis of the r@stligure 9it becomes clear thHatk of commuication

and documentation is a big barrier for all stakehdWiessof the participants see the lack of knowledge

about technologies and their costs as a barrier, whereas the generally higher testnarye average.

This is particularly noticeable among the groups of planners as well as among the construction companies.

2. Whatis needed for a market uptake of n ZEBs?

The second question dealt with nierket uptakef nearly zer@nergy buildings andhat is needed to
increase iAs one can saefigurelOthepotential for increasitige market uptakesean in all four possible
answers but islightlyvarying degrees.

The distribution of the responses makesiit clear thasiioeld be more daboration of the planning teams
and stricter legally bindingildingrequirementd/Vhat is noticeable is thagenerahe opinions within the
expert groups diffemly slighlty



More technical knowhow
34

[#3]
(=}

Earhier collaboration of the planning team

[e4]

[

e

it
—

Strengthenedlegal binding building requirements

.
~ I8
'S

Self-sufficient and secure energy supply / system
37

uptake of nearlyZEBs?

e

Whatis needed for a market

‘

disagree agtee

Planner m Researcher

FigurelO: Mentimeter survey answ erplahrers and researchedealing withZEB marketability and showing specific median values

3. Whatis the added value of building nZEBs ?

In order to be able to specify the added valngBBs the four topics most relevant to the interviewed
stakeholdensith regard to added value should be filtered out at this point of the surveyLIElgarly
shows that the focus is particularly on resosesengs and climagteotedion. This added vadus the clear
leader for both researchers (23%) and planpeasitioners(22%). Butdwer operationa&losts (17%) and
less energy depende(iy% / 18%) are also important factors for the added value of nZEBs.

Decentralized energy generationGestralized)
5%

Life-cycle / future value of the property
13%
11%

Less energyependency

o
#

Low er operational costs

S
# EJ

User satisfaction and comfort Planner

12 m Researcher

S9%
Image / rolemodel
7%

Indoor air quality

H%

Resource saving / climate protection
22%

13% 20°%% 23%

What is the added value of building
nearlyZEBs?

2
2
[*1}
bt
=2
-
2
2

Figurell Mentimeter survey answerplahners and researcherith the fiare of added value points f@&B

The greatest disagreements between the individual groups of actors arise in decentrajzeeratiangy
(vscentralized)Although 12% of researchers say that this is an important added value, only 5% of planners
andcontractors agree. In addition hegde survey results, there are other challenges associated with the im-
plementation ofiearly zerenergy buildings. For example, the individual interfaces and responsibilities be-
tween the actors and the integrationfdé@int technologiest bespossibé time are often unclear. In addi

tion, communication between those responsible must be improved, as implementation is often made more
difficult because it is unclear who ne@dshinformation and when.
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1.6. FRAMEWORKFORENSURI NG THEPROCESSQUALI TY
OF THE NEW NZEBS

Achievinghe nZEBgoalwith reducedossrequirsadditionastrategies as well as refinemeratsexisting

design, constructipoperation, and maintenance practice.

The followingchapters present a framework for ensuring the process quality of tAEBsW mutlines

the key actions neetl® ensuré¢heachievemertf energy and cost relatgmhls usingeplicablglanning,

design, construction, and operation process. The development of a clear and comprehensive life cycle proces
that includes specific and measurable actions (both cost savings and energy) is crititahtgaatsuee
metcosteffectively

The following chapters each describe a phase of the oveld# cycleprocess from urban planning
planning, construction and operation utl the end of life ofa nZEB. All chapters are structured as
follows:

0 Existing process:A process map describthg overall ppcess and stepshie takerfor all related
stakeholders for all phases pfia o j lilecydled s

o Pitfalls and bottlenecksPitfalls and bottlenecks are listed that can endanger deadlines, budgets and
quality of the nZEB project

0 Actions: Variaus &tions that can be allocatedtire specifiphase to promote nZEBse presented

0 Process evaluation result#\ctionsare assignedthe main drivers and other stakeholders in order
to clarify the question of responsibilityaddition the variousa@pendencied the actionand
possiblecost savingotentialsare listed
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2. POLITICALDECISIONA ND URBAN PLANNING
PROCESS

2.1. OVERALLPROCESS

political decision and urban planning

European, national and regional spatial planning guidelines (European Spatial Development Perspective(ESDP),
e.g. National Spatial Development Perspective, e.g. Regional Development Concept)

Y

o
£
5 |nvest|'ga_t|on of regional
B =% existing strategy
- T o infrastructure
£ o2
2 20
o CR} )
S
Regional Planning
Act
l
88 '
E g | high-level sub-regional
'.; E demand planning - targets " master planning
c
o
]
] €
k-] L] ,
c a municipal demand local ., local development
_‘.'5_’ 5 planning strategy : concept
5 = I ; .
S P Y
T land development
L plan
.
2
b=
2 legally binding
- o urban design /
= land use plan ;
: 35 ider local : - local design and
o 'E B CS;:'FSF;EZ?S - > technology guidelines,
= = ! } additional incentives
] contractual
9 agreements with
a third parties

go to following
planning phase

Figurel2 Urban planning process



The political decision and urban planning prgregardor the whole building process from planning to
construction and use. It is angwing process that influesbeilding use also at latenesor leadto a
change in the energystenof buildings. It is in thiphasdhat the public/common interest for l@mission
and low cost for public services is considered.

Decisions may be made on Politial decisions and urban plany are usually
 infrastructure design done proceeding from a large scale (e.g. regional
o dreetlocation, design, use planning) to a local scale.
0 sewesystem The main tasks on each decision and planning level
0 public transport are:
0 energy supply 1 investigation and analysistiod existingsitua-
0 educatioal buildings tion
1 landuseplan 9 definition of a strategy
0 commercial zones f consideration of demand
0 industrial zones {1 ddinition of targets for spatiatder
o residential zones § documentation and implementation of strategy
0 green areas, recreational zones and targets
' building type (detached, m{atmilyé ) These documents may come in the forptasfma-
f energy consumption level terial, regulations, laws, treaties with third parties
1 building orientation energy suppliersandownes etc. The documents
{ aesthetic aspects like facadieur and roof may e legally binding or hold recommendations for
shape furtherplanning on a more detailed level.

2.1.1. REGIONAL PLANNING

Several actions can be taken on a regional planeingAssessment @nergyefficiency and renewable
level to promote nZEBs. These include the defini- energy potentials

tion of the polical and legal framework, as well as

offering funding schemes and awareness raiskgcourage:

Also, the definition of targets is an important action Fundingschemes fonZEBs (provides Instru-

on the regional level, since regions can often be ments)

linked to specific climates which again have an im- Development angnplementation of strategies
pact on the buding desigrctionscan have the in- for awareness raising (provides Information)
tention toencouragesnable oenforce

Enforce:
Enable: o Setlong term regional targets for spatial plan-
o Definitionof political and legdfameworkfor ning (provides Targets)
nZEBs(provides Authority) o Regional efficiency improvement targets sup-

porting nZEBs (provides Targets)

2.1.2. URBAN DESIGN

Urban design goes inttortherdetais. To what ex- neighbourhood level. Infrastructural conditions on
tent urban design can be enforced is usually defineeighbourhood or district level include thermal and

in regional plans. The focus here is to consider emlectrical microgrids, seasonal storage as well as re-
ronmental conditions like sunshine, microclimatewable energy use and building envelope attributes
and wind lare and infastructural conditions on aand targes. Again,actions are grouped by their



intent. For most of the actions in urlagsignit is  Other actions are:

not yeffixed, whether their target is to Enable
0 Encouragdy providingnformationon cost o Urbanmasterplanngalowing highly compact
optimal or energgptimal solution buildings (provides Authority)

o Enforceby providing information and hatity = Enforce
on the optimal solutioe.g.regarding building o Definition of basic envelope attributes anel

orientation or renewable energy, esgn a le- ergytargets (provides Authority)
gally binding land use plan. Enable/Encourage/Enforce:

o Enableby providing information on optimal so-o  Preparation of budget for renewables and esti-
lutions as well as subsidies to thosegmvitimm- mate return on investment/ LCC (provide
plement them. struments)

The decisio on whether to enable, encourage or em- Optimizebuilding orientation anadoning (pro-
force normally lies in the competence of the munic- vides Information/Authority)

ipal level. o Optimizesolar aAccess irurban layout (pro-

One i mportant acti on i s videhleforndgaboae/Authority i on of | nte

tive Design Teamo. o Work withurbanmicroclimate (Information or
Information/Authority)

o Consideration dhermal /electricamicrogrids
on districtlevel (provides Information/Author-
ity)

o Consideration ofeasonaltorage ondistrict
level (provides Information/Authority)

2.1.3. PREPARATION AND PROJECT BRIEF

In this part of the political decision and urban plaApply strategy towards efficient use of land: Enforce
ning phase, user needs are integrated intanhe efficient land use in the land yd&n and corre-
development plan to create a land use plan, whigfonding locally bound subsidies and infrastructure
becomes legally binding after the political decismavelopmenipfovide Targets)

process. Enable/Encourage:

Enable: 0 Assessmentfdhe potential fordecentral-

0 A connectionrequest for PV / drilling permit ized renewable power generation: Provide
for geothermal: Define and constitute an effi information and encourage the develop-
cient process to ease the procesppiozal ment of decentralizgubwer generation
(provide Instruments) 0 Requirementsanalysis (Provide Infor-

Enforce: mation and Instruments)

2.2. PITFALLSANDBOTTLEN ECKS

It's important to baware of the common pitfalls that can compromise project saticessban planning
phaseBelow six pitfalls and bottleneckse listedhat carendangedeadlines, budgets and quafitihe
nZEB projecduringthe urban planning phase.



olitical decision and urban planning

European, national and regional spatial planning guidelines (European Spatial Development Perspective(ESDP),
e.g. National Spatial Development Perspective, e.g. Regional Development Concept)
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B.103
political support / incentives

B.105
development goals do not correspond to
nZEB standard

B.106
environmental / historical restrictions

B.101
demand planning in
urban planning phase

B.102
investigation of potentials for renewable
energies at the planning site

B.104
high demand for housing

Figurel3 Urban planning processnsideringottlenecks

B.101: Demand the urban

planning phase

planning in

The building authorities, together with the plan
mustdesign the framework conditions for a new
trict, considering the technical and leggllations
This part of the city must take both energy and
aspedts into account to be fit for the future.

B.103: Political support /incentives

Funding schemes withinthe framework of urban ¢
opment planning can be used to integrate analy:
nearzero energy digdts into the process. The conc
tual basis for theevelopment of a neadgro energ)
district is influenced by the boundary conditions ¢
mined in this phase.

B.102: Investigation of potentials for
renewable energies at the site

When developing newbandistrictsthe integratioof
renewable energigsust be taken into acoount at
early stage. laddition, supply systemith waste
heatcooling from neighbarringdistricts should be a
alysed. As a result of this early analysis existig
qualities, thieuildingstructure eabe adaptefr opt-
mal exploitation of the potentials

B.104: Highdemand forhousing

Due to the high demand for residential building
some European regigmsergy aspease often not
taken into account. It is importanscdhere to start
new development areas with sustainable and inn
concepts

B.105: Development goals do not correspondto nZEB standard

The currentrules for the development of new urbanadteasio not comply with the general requirements for the constr

of nZEBs.



2.3. ACTIONS

In the following, the different steps of the politicahformationexchange between the leats.exam-
decision and urbatanning phase will be describegble, i makes no sense to ofebsidiefor certain

more detailed, introducing actions that can be albmergy supply systearsregional level if on a local
catedn this phase to promote nZEBs. level, other systems are preferred. Moreover, in some
The political decision and urban planning phasecasegst can be usefubtintegrate actions on differ-
layered into different levels. It is of uttermost imentlevels. A joint planning team of regional, urban
portance that thnterdependencid&tween these and energy planners cqeldbetter integrate inter-
levels work well: That means that there have to d&s both of urban population and exitzan envi-
welldefined and cloked mechanisms for ronment.

PROCESS ACTIONS

107
go to action items for funding schemes for NZEB
construction
companies

go to action items for go to action items for go to action items for
owners fuser municipality integrated planners 101

definition of political and legal
framework for NZEB

political decision and urban planning

106
European, national and regional spatial planning guidelines (European Spatial Development Perspective(ESDP), e.g. National Spatial development and implementation of
Development Perspective, e.g. Regional Development Concept) strategies for awareness raising
@ Y 102
E regional efficiency improvement
5 i iqati targets supporting NZEB
5 investigation of L regional
o _a existing Strateqy
= e infrastructure 103
£ set long term regional targets for
.§ Y spatial planning
=
Regional Plannin 105
g Act 9 strategy towards effivient use of land
104
urban masterplanning allowing highly
5 L compact buildings
. .. high-level sub-regional
= demand planning targets " master planning e . 103. .
3 definition of integrative design team
assessment of the potential for decen-
H tralized renewable power generation
i £ Y 119
o ] - | connection request for PV / drilling
5 [} municipal Qemand local ., local development permit for geothermal
a c planning strategy, concept
T =]
3 k= i I 117
5 \ A consideration of seasonal storage on
£ land development district level
‘g plan
116
consideration of thermal / electrical
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E 118
5 legally binding preparation of budget for renewables
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] Lcc
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k] G 5 d B ~— technology guidelines, 114 X
2 5 users' needs additional incentives assessment of the energy efficiency and
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113
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Wi
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111
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109
requirements analysis

Figurel4: Urban planning procew ith stakeholdeelated actionélumbered a$01 to 119)



1.1 Definition of the political and legal framework for NnZEBs
Lack of a political and leg®ZEB framework might lead 1
Definition Political and - . . . .
lgal trame worc for NZEs higherfollow-up costs: This is the case, if economically fe
and energetically reasonable solutions are inhibited due
limitationsIncreased investmemtsenergyelatechZEB tech-
ﬁ nologies and serviadsrivemost likelyfrom legal framewor
stimulating sac-economic development.
STAKE - INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
s Citizen groups/NGOs; A A A Energy sav-
Authorities Society; Politicians -uz -uu ingsand C@
reduction
1.2 Funding s chemes for nZEBs
Funding schemesually aim at investment costs, e.g. by
NZEB Funding ceding a defined amount of money in the construction |
They might however also influence follow up costs, by re
= taxes, annuities amterests on payack ratesAnd there an
7 some examples of subsidigectly supporting monitoring
v basedperation of theZEB technologies implemented.
STAKE INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDER-S ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
(Economics) Chan e A A Energy sav-
bers Authorities; Paticians -u -U ings and Co
reduction
1 Development and i mplementation of strategies for aware-
’ ness raising
If awarenesgaising is accompanied by dissemination of i
mentable measures, costs for planning and decision ma
redued. Follow up costsanbe stronglyreduced due tad-
vance user behaviouwhich depends owelledied infor-
mationaboutnZEB andencsuser8 awar enes s
STAKE - INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Tenants/Users;  Authoritie Userac-
Pdliticians (Economic) Chambers; Ci -0 -0 G ceptance

zen groups/NGOs

-0 means tshaatr el eesesquciaosetd t han in a conventional planning
increase.fie number of O al so i ndi cat-pasedwkthedlrbadyrknotvrhcestscTheacosg e i ¢
estimation for the different &ms and the different cesausing project steps were made in the course of the research project

with the helpf the project partners.



1.4

Measures
Scope Specifie
Regivements

Best
Practice

Advisory Panel
Categorization

Targets Master Plan

Priority

STAKE -
MAIN DRIVER HOLDERS
Authorities; Planner Mu-
Pdliticians nicipalities; Citize
groups/NGOs; Society
1.5

5
STAKE -
MAIN D RIVER HOLDERS
Pdliticians Authorities; Planners; M
nicipalities; Citize

groups/NGOs; Society

1.6 :
potentials
Influence on lnvestment Costs: []
Influence on Follow-up Costs: [
STAKE -
MAIN DRIVER HOLDERS

Landlords Planners; Mt

(Economic) ~ Cham nicipalities; Society

bers

Regional efficiency improvement targets supporting

nZEB

When regional governments define binding ovtaB tar-
gets and priorities the planning process is more focus
straightlf additional funding for the constition phase is o
fered, investment costs can be saved. Highly efficient lown
buildings that are well embedded into their surrouncdingy
system moreoveave follow up costs.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
A~ ~ PPN CO2reduc-
-u - u -uu tion and alue
development

Set long term regional targets for spatial planning

The spatial distribution of buildings has an impact on the
ergy consumption afite-cyclecostd Moghadamat al.2015)
This is mainly due tmobility and infragticture needs. Wh
aming ata nZEB, infrastructure and mobility cannot be
glected. The use of existing infrastrudatunegher densitigads
to lower investment costs for infrastructure, both for the
ing owner as well as treinicipality.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Energy and
-0 -0 -0 G resource sav
ings

As sessment of the energy efficiency and renewable energy

Therelevant regulation framework and surrounding grid |
tion of a specific area have a great influence on the ass
of energy efficiency anehewable energy potential. If ceef
clearly and use of renewables from the grid is possible, -
additional costs arise during planning and construction
more, the operation will save costs by lower energy dem
by exploiting the low mangil costs of existing renewable

ergy grids

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Resource sav
ings COz-re-
-0 duction



1.7 Urban master planning allowing highly compact buildings

Surface to
Volume Ratio =
_
o BB
o6 04 03 0,2
STAKE -
MAIN DRIVER HOLDERS
Owners;Authorities; Citi
Municipalities zen groups/NGOs; Politi

ciansconsultants

In order to reduce costs in compact buildings, an urban i
plan is requiredhn addition tooptimizedenergy consumptio
compact buildings usually have reduced planning, inve
and constru@n costs: Reasons are reduced material cor
tion, more similar units as welfaseraccess areas.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Energy and
-0 -0 0 resource
savings

1.8 Optimize b uilding orientation and z oning

STAKE -
HOLDERS

MAIN DRIVER

Real estate fund; Autho
Planners ties; Municipalities; Citiz
groups/NGOs; Politician

Building orientation isftenfixed by the legally binding land
or urban planBut within this boundamyjndow orientation c
functional zoning can lower the potential energy demanc
tailed planningdue tothisenergy savingplfow up costs wi
be reduced.

INFLUENCE INFLUENCE ON INFLUENC E CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS

Resourcseav-

ings user
+ U -0 comfort, day-

lighting in

winter

1.9 Opt imize solar a ccessin urban lay out

(%w AN fﬂi
l . %L, [/

STAKE -
MAIN DRIVER =
Planners Landlords;  Authoritie

Municipalities; Politician

When solar accesaddivelyivertoa g u dayout® spétia
planningandincludedn the land use plaan energetiandeco-
nomicoptimumcanbe found foneighbaringbuildings/prop-
ertiesThat means low follewp costs by energy saving u:
passive solar gains.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFIT S
COSTS COSTS UP COSTS

R R Resource sa)
u -u ings comfort



1.10 Work with urban m

(/'\\ o
lmk ¥, I

STAKE -
HOLDERS

MAIN DRIVER

Municipalities; Authoritie
Planers; Citizen grou
NGOs; Society

Consideration of thermal / e

1.11

district level

NN =

icroclimate

Costs arise mostly due to reiandard planning. Green facades
traditionally used to save construction costs: they replaced 1
plaster finistiKohler, 2008)A green facade or roof can also ret
follow up costs: Green facades andsrdean the a{Bianchini anc
Hewage, 2012nd thus mean a lower necessity for ventilatic
filtering systems, moreover less maintenance for the wall is ne

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS

User satisfac
tion, microcli
+ 0] - U mate, air qua
ity, passive

cooling

lectrical  microgrids on the

A micogrid is a stabland often renewablmsedsource for
heat/power that has to be consideveen supplying energyiceEB.
It reduces investmemtstssince generati@amd storage are |laigyzle
and thus more cosfficient. Moreover, maintenance and replac
agairkeepcostdowdue tatheeconomyfscale.

Microgrid
STAKE - INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW -  BENEFITS
COSTS COSTS UP COSTS
Resource sa
Landlords; Authoritie ings, &st reac
- Planers; Municipalitit A A tion to
Utlities (Economic)  Chambet u -u changes the
Politicians energymar-
ket, autonom
1.12 Consideration of seasonal s torage on district level

AT -,

Seasonal

Storage

STAKE -

MAIN DRIVER HOLDERS
Landlords; Authorities
- Planers; Municipalitit
iliti '
Utlities (Economic)  Chambet
Politicians

Several studies (Braun, Klein and Mitchell, 1981; Lindenbet:
al, 2000; Nordell and Hellstrom, 2000; Schmidt, Mangdidiidieel
Steinhagen, 20&how the potential of seasonal storage syt
garding renewable energy and costs. Seasonal storage shot
sidered if low supply temperatures are needed, and renewak
sources are available. For econfeasibily, it can be meaningful
indude a baddp or peak supply system watlv system costs.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
A higher
A~ A~ share of re-
+ u -u newables, au

tonomy



1.13 Definition of basic envelope attributes and energy t argets
. Energyrelatedasicenvelope attributes and targets can be defi
05 Whmek a regional or district level, e.g. in the building thee=foe also
building energy certification systems are used. Sometitoegets
U-windows || nZEB planningostssince the possible solutiteimeds limited but some
o8 times itincreases them, since some planners are not familiar
s plementatiorMostly construction costsiease because of exten
effort withon-site implementation, butenergy demand goes dc
—_—_— INFLUENCE INFLUENCE ON INFLUENCE co-
MAIN DRIVER SO ON PLANNING INVESTMENT ON FOLLOW -  BENEFITS
COSTS COSTS UP COSTS
OwnersAuthorities; (Eco Energy sav-
Planners nomic) Chambers; Citiz¢ + [] - (] ings,comfort
groups/NGOs
1.14 Definition of  the integrative  designt eam
_— In terms of costs, an integrated urban dgsigoessincrease:
- planning costs siniteeinteraction betweatifferent players requir
acility ontruction .
Manager ¢y o C@fw;ﬂg more involvemenEollowup costs are expected to be lower, bot
end users and the pulfit Lippaiova and ReitB014 Bragangs
VALY Vieiraand Andrad&013.
Energy HVAC Planner
Consultant
SR = INFLUENCE INFLUENCE ON INFLUEN CE co-
MAIN DRIVER . ON PLANNING INVESTMENT ON FOLLOW -  BENEFITS
COSTS COSTS UP COSTS
Real estate fund; Autho Resourcsav-
ties; Planners; Municipi A PN ingsand CQ-
Owners ties; (Economic) Chan + u -uu reduction
bers; Utilities
Preparation of budget for renewables and estimate return
1.15 .
on investment / LCC
In order to find a cosiptimalnZEB solution, investment arite
| cydecostsas well as feed tariffs for renewabldsave to be know
| g (Hamdy, Sirén and Attia, 20118 allow for fast and reliable L(
I N calculationit is essentiahat information on costs, prices! dariffs
I is made available. One difficulty is that future energy prices ¢
| | Contruction  Operation  Renovation onduncontpllable international markets, khepolicycould coun:
| | , > teract here in future.
! Time
S INFLUENCE INFLUENCE ON INFLUENCE co-
MAIN DRIVER = ON PLAN NING  INVESTMENT ON FOLLOW -  BENEFITS
COSTS COSTS UP COSTS
Authorities; Municipalitie LCC kow-
Investors; (Economi A ~ ~ how
Planners Chambers; Politiciar + u + u -u

Utilities



1.16 A c onnection  request for PV / drilling permi t for geothermal
Due to the traditional structure and organization of eledricity
access forfedd is still limited. In order to avoid unnecessanples
NS . and costs later git is essential sk fora gridconnectiorrequest
o . arpe . .
L. E L. L The sameisue for geothermal ergy by deep drillirdgpermissior
—I_I and technical expertise is necessary t@fgeemingcosts low.
——— INFLUENCE INFLUENCE ON INFLUENCE co-
MAIN DRIVER SR ON PLANNING INVESTMENT ON FOLLOW -  BENEFITS
COSTS COSTS UP COSTS
Landlords;  Authoritie Value devel-
Oowne's Planners; Municipaliti - U opment, en-
Utilities ergy savings
1.17 Requirements analysis
Requivements X
w Each planning process has to be preceded by an ana
i 4 requirements. The resulting chart of requirementsotarern
m I functional issues, but also limits on costs and energy consun
w yz well as technological systems to be used. Reeuigecan b
i . .
- obligatonpy lanand lead to lower costs in all stages of the pro
S INFLUENCE INFLUENCE ON INFLUENCE co-
MAIN DRIVER R ON PLANNING INVESTMENT ON FOLLOW -  BENEFITS
COSTS COSTS UP COSTS
. Resource sa
Ownes Plann(.arscltlzen groups _ 0 _ 0 _ 0 ingsand value
NGOs; ‘
developmen
1.18 Apply s trategy towards efficient use of land
' Successful measures towards effident use dndndensificatio
' X lead to lower followap costs. Investmentment costs might inc
. eg. for therealizatiorof Green roofs (Porsche and Kdéhler, 201
ambitious planning for geometry and foundatidralsodecreas
since investments in public infrastructure are lower if small¢
need to be accessed.
ST - INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER T ON P LANNING INVESTMENT ON FOLLOW -  BENEFITS
COSTS COSTS UP COSTS
Landlords; Authoritie Resource sa
Municipalities Planners; Society; Pol -0 -0 ings

cians



1.19 :
power generation
STAKE -
MAIN DRIVER HOLDERS
Oowners; Constructic
Planners company; Authoritiesiil-

ities

Assessment of the p

otential for

decentralized renewable

In many EuropearegionsGlS-base@nalyses are available to a:
the potential of renewable energy ussteifferent types of assi
tanceare offered for the promotion décentralize@newable ener
Very often, decentralized renewable power generatibsidizetly
fixed feedn tariffs and additionally lowers the running energy ¢

INFLUENCE
ON PLANNIN G
COSTS

2.4. PROCESSEVALUATIONR ESULTS

INFLUENCE ON INFLUENCE CO-
INVESTMENT ON FOLLOW - BENEFITS
COSTS UP COSTS
COgzreduc-
|’_] tion

2.4.1. LISTOF ACTIONS RELATED TOS TAKEHOLDERS AND OTHE R AC-

TIONS

In the following table, the various actions were assigned to the main drivers and other stakeholders in order
to clarify thequestion of responsibilityy addition, the various dependencies of the actions are listed in the

righthand column of the table to show which actions and stakeholders need to be communicated subse-
quently.

Tablel: List ofactions urbanplanning

11

12

13

14

15

16

17

18

ACTIO NS

Definition Political and legal
framework  for nZEB s

Funding Schemesfor nZEB

Buildings

Developmentand Implemen-
tation of strategies for aware-
ness raising

Regional efficiency improve-
ment targets supporting

Setlong term regio
for spatial planning

nal targets

Assessment of  energy effi-
ciency and renewable energy
potentials

Urban Masterplanning Allow-

ing highly compactbuildings

Optimize Bu
and Zoning

ilding Orientation

nZEB

MAIN
DRIVER

Authorities

(Economic)
Chambers

Politicians

Politicians

Politicians

(Economic)
Chambers

Planners

Planners

STAKE -
HOLDERS

Citizen groups/NGOs;
Society; Politicians

Authorities; Politicians

Tenants/Users; Au-
thorities; (Economic)
Chambers; Citizen
groyps/NGOs
Authorities; Planners;
Municipalities; Citizen
groups/NGOs; Society
Authorities; Planners;
Municipalities; Citizen
groups/NGOs; Society

Landlords Planners;
Municipalities Society

Ow ners; Authorities;
Municipalities; Citizen
groups/NGOs; Politi-
cians

Real estate fund; Au-
thorities; Municipalities
Citizen groups/NGOs;
Politicians

INFLUENCES ON
OTHER ACTIONS

1.2,1.7,1.13,1.16,2.25

1.1,1.11,1.15,2.2213,2.17,2.25,4.8

1.4,15,1.10,1.18,25,2.27,3.7,4.3,

1.10,1.12,1.18,2.9,3.10

1.1,19,1.10,1.12,1.19,1.21,2.5, 2.

1.11,1.17,2.6,2.9,2.17

1.12,25,2.6,2.27

17



19

11

111

112

113

114

115

116

118

119

ACTIONS

Optimize Solar Access in Ur-
ban Layout

Work with Urban Microclimate

Considerat ionof Thermal/
Electrical Microgridson Dis-
trict Level

Consideration of Seasonal
Storageon D istrict Level

Definition of Basic envelope
attributes and Energy Targets

Definition of Integrative De-
sign Team

Preparation of budgetfor re-
newables and estimate return
on investment/ LCC

Connection requestforPV /
driling permi  tfor geothermal

Requirements Analysis

Apply Strategy towards effi-
cient use of land

Assesment  ofthe Potential for
Decentralizedr  enewable
power generation

MAIN
DRIVER

Planners

Municipalities

Utilities

Utilities

Planners

Ownes

Planners

Ow ners

Planners

Municipalities

Planners

STAKE -
HOLDERS

Landlords Authorities;
Municipalities; Politi-
cians

Tenants/Users; Own-
ers; Authorities; Plan-
ners; Citizen
groups/NGOs; Society

LandlordsAuthorities;
Planners; Municipali-
ties; (Economic) Cham
bers; Politicians
Authorities; Planners;
Municipalitiesjnves-
tors; (Economic)
Chambers; Citizen
groups/NGOs

Ow ners; Authaties;
(Economic) Chambers
Citizen groups/NGOs
Ow ners; Real estate
fund; Authorities; Plan-
ners; Municipalities;
(Economic) Chambers
Utilities

Authorities; Municipali-
ties; Investors; (Eco-
nomic) Chambers; Pol
ticians; Utilities
LandlordsAuthorities;
Planners; Municipali-
ties; Utilities
Tenants/UsersOw n-
ers; Real estate fund;
Authorities; Municipali-
ties; Investors; (Eco-
nomic) Chambers
Landlords; Authorities;
Planners; Socie®pli-
ticians

Ow ners; Construction
company; Authorities;
Utilities

2.4.2. LIST OF ACTIONS RELA TED TO COSTS

The cost savings or higher costs depending on the action are shown in the table belowUTinesore
thatlesscosts are required than in a conventional planning procedure. On the othérimaads that the

costs increase. The numbefi@aiso indicates whether the change is big or small compared to the already
known costsThe cosestimatiorior the different actions and the different @asatsing project steps were

made in the course of the research project with the help of thegadjsets.

INFLUENCES ON
OTHER ACTIONS

1.7,1.8,1.18,1.19,2.6,2.27

15,1.18,3.10

1.1,16,1.15,1.17,1.19,2.12,2.13,2
3.7,3.10

11,16,1.11,1.17,2.9,2.17,2.27, 3.

16,1.19.2,2.9, 2.20,3.10

12,13,1.4,1.186,2.21,2.25

1.2,2.25

1.1,1.4,1.17,2.6,2.21,2.25,2.27

14,15,1.15,2.4,2.17,2.21,2.25,3

15,1.7,1.10

1.1,16,1.11,3.7



Table2: List of actions in relation to costisbanplanning

11

12

13

14

15

16

17

18

19

1,D

111

112

113

114

115

116

117

118

119

ACTIONS

Definition Political and legal framework  for
nZEB s

Funding Schemesfor nZEB

Developmentand Implementation of strategies
for awareness raising

Regionalefficiency improvement targets sup-
porting nZEB

Setlongtermr  egional targets for spatial plan-
ning

Assessment of  the energy efficiencyandre-
newable energy potentials

Urban Masterplanning Allowing highly com-
pact buildings

Optimize Building Orienta tion and Zoning

Optimize Solar Access in Urban Layout

Work with Urban Microclimate

Consideration of Thermal/ Electrical Mi-
crogridson District Level

Considerati  onof Seasonal Storage on District
Level

Definition of Basic envelope attributes and En-
ergy Targets

Definition of Integrative Design Team

Preparation of budgetfor renewables and esti-
mate returnon investment/ LCC

Connection  requestfor PV / driling permit for
geothermal

Requirements Analysis

Apply Strategy towards efficient use ofland

Assesment ofthe Potential for Decentralized
renewable power generation

IN FLUENCE ON
PLANNING COSTS
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2.4.3. LIST OF ACTIONS 8 WORK BREAKDOWN ST RUCTURE

The following diagramives an overview of all actions assigned to urban planning. In addition, they are
further divided irtt three categories in order to clearly dédiménich part of the planning the individual
actions belorggo.

ACTIONS P01 Urban

Regional Planning Urban Design Preparation and Brief

Definition Political
and legal frame
work for NZEBs

Funding Schemes
for NZEB Buildings

Development and
Implementation of
strategies for
awareness raising

Regional efficiency
improvement
targets supporting
NZEB

Set long term
regional targets for
spatial planning

Assessment of the
energy efficiency
and renewable
energy potentials

Urban
Masterplanning
Allowing highly

compact buildings

Optimize Building
Orientation and
Zoning

Optimize Solar
Access in Urban
Layout

Work with Urban
Microclimate

Consideration of
Thermal / Electrical
Microgrids on
District Level

Consideration of
Seasonal Storage
on District Level

Definition of Basic
envelope attributes
and Energy Targets

Figurel5: List of ations in urban planningyv ork breakdow n struct@réNBS

Definition of
Integrative Design
Team

Preparation of
budget for
renewables and
estimate return on
investment/ LCC

Connection request
for PV / drilling
permit for
geothermal

Requirements
Analysis

Apply Strategy
towards efficient
use of land

Assesment of the
Potential for
Decentralized
renewable power
generation



2.4.4. LIST OF ACTIONS 0 RELATIONS BETWEEN T HE ACTIONS

In order to ensursuccessfulooperation of thetakeholderg is important to show in which dependencies
their actions are anddonsequencthey are related to other stakeholders and actions. The following figure
shows the dependenciédhe different actions. This analysis is based on the preferenceaadalyesis
developetbased on theleaf the PLENAR planning tool, which aims to show interdisciplinary relation-

ships in order to achieve a common understanding of planning.

In addtion to the different actions of the phase tedm®sidered, themain responsibkctors are listed in
order to obtain a quick overview. Thdouredfields describe the dependencies of the different actions on
each other. The red fields describe @failavhile the blue fields describe partial droa(e.g Action 1

oDefinitiandof epgalhadabiataré cowetatiosarked in redith Action2
ing Schemes for nZEB3)he grey fields indicate which actions are codnedther phases

10

11

12

Actions P01 Urban

13

14

15

16

17

18

19

20

Definition Political and legal frame work for

NZEBs Authorities
Funding Schemes for NZEB Buildings (Economic)
9 9 Chambers
Development and Implementation of e
; L Politicians
strategies for awareness raising
Reglona}I efficiency improvement targets politicians
supporting NZEB
Set Io.ng term regional targets for spatial Politicians
planning
Assessment of the energy efficiency and (Economic)
renewable energy potentials Chambers
Urban Mastfarplannlng Allowing highly Planners
compact buildings
Optimize Building Orientation and Zoning | |Planners
Optimize Solar Access in Urban Layout Planners
Work with Urban Microclimate Municipalities
Consideration of Thermal / Electrical Utilities
Microgrids on District Level
Consideration of Seasonal Storage on -
- Utilities
District Level
Definition of Basic envelope attributes and
Planners
Energy Targets
Definition of Integrative Design Team Authorities
Preparation of budget for renewables and Planners
estimate return on investment/ LCC
Connection request for PV / drilling permit owners
for geothermal
Requirements Analysis Planners
Apply Strategy towards efficient use of land| |Municipalities
Assesment of the Potential for Decentralize
Planners

renewable power generation

Other Phase

Figurel6: Urban planning processth stakeholdeelated actions

bilateral corrrelation - 3%

partial correlation
correlation to other phas¢

no correlation

23%
7%

66%

OFund-
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3.INTEGRATED BUILDINGD ESIGN PROCESS

3.1. OVERALLPROCESS

An integrated buildirdesign process may have many definitions and meargegerhit may be consid-

ered a holistic approach, whitmsiders the interactions between different actions, rather than optimising
them separately. E.g. optimising building layout/plans froen peuspective may have major effects for the
superstructure of the building, whictuim causes unnecessary additional costs.

It is important that the processsupported bthe entire design team. The outcome of the process should
be targeted to creaa building with:

9 Architectural quality
1 High energy efficiency/low environmental impact
1 Healthy indoor climate

Design

Architecture

Floor plan

Building

Physics LS

Lighting Orientation

Figurel7: Integrated nZEB planning process
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Figurel8 Integrated lanningprocesg planning phase

3.1.1. CONCEPT DESIGN

The concept design s&nith demand planning. To processhouldstart with a fesbility study showing

be able to start the demand planning it is importamiportanttechnical solutions, costs, savings and po-
to understand the client’s requirements and cleastial solutiorsetsthat work well together. This
define theproject goals. Isiimportant that the en- provides a basis for decisiorifg# mairtargets for

tire desig team understantsegoals of the project the project. The most relevant feasibility studies are
and understamsdhat the work needs to be iterativanade withcontribution from the architect, the en-
and depends on cooperation. For projects with cargy specialist,

siderably higher goalike nZEBs, the design

planning informations

the developeinvestor,



construction manager and with insights from expettt&t cannot be detmined by the LCC calculation.
on sustainability, technical installations etc. Butalsothe extended consideration of the environ-
The overall verification method of the project goatsental impacts requires corresponding experts and
is alreadylefinedn the concept design. The projectlose cooperatian order to be able to evaluaid a
teamako needs to defingow to verify the energy comparevariants promptly. Close and iterative co-
performancef the building Should it be done by operation also redes information losses and plan-
calculations/simulations and/or measurements imng collisions and thus prevents tiare cosin-
the operation phase? Exactly which software temsive planning loopEnergy consultantnsure
which measuring equipnmémuse is usually not de-the processing of the required qualities in planning
fined at thigaly stageof the process and execution, especially those that cannot be quan-
During the concept desigulsocriticalpitfalls and titatively defined imdvanceA varianiof different
bottlenecksvhich may affect the projemalsieed methodologesand procedurezan be usedariant
to be identified. development, comparative life cycle assessment and
a constant target/actual comparison of the prdpose
Thequality of the processes depends on the projeaiutions with thenain projectarges.
organizatio and the information provided aboutlnformationexchange between the partmerthe
projec goals and framework conditions. process becomesenmorerelevanto the more
It is the client's task as project manager to put wemplex This is importarbecause thmain cause
gether a project tegfihthis task is not delegated toof planning errors and missed deadlines lies in the
the contractor, i.e. a-salledgeneratontractd ) 0 inadequate andcorrect availability of information.
that can meet éhrequirements of its project objecTherefore, the efinition of communication chan-
tives inevery phase of the project. Itis also up to timeels is of great importance for the reduction of data
client to determine the degree of outsourcing of @ad time lossSmoothand transparent communica-
sponsibility and decisiomaking power and te- tion is the key to efficient plannioighZEBs. This
fine roles and tasks for all relapdghning team must be maintaéd throughout the entire process,
membersin arder to avoid the problems of coordi-as subsequent deamsianust be made on the basis
nationand cooperation, project participaatswell of all information from previous decisions and de-
as the definition of responsibilities, decision leveigndencies.
and the technical competencies corresponding to the
complex requirementay thebass for alife-cycle Integral BIM (building information modelling)
orientedprocesqcf. IG-Lebenszyklus, 2014)idt project:
important tochoosénow many and which specialistS he digital planning process of the BIM planning
will be emploedfor the projectdepending on the methal is characterized by the changed structures of
scope and complexity of thask.The expert cooperabn and communication in the planning
knowledge from variodssciplineshouldalvways be teams.
considered in order to achiewenolistically opti- Integral planning is the prerequisiteatitecycle
mized building in which different requirements am@rientegrocesghatmeesthe economic, ecological
balanced (BMWi, 2015, p. 4). In additidagrative and sociacultural objectiveg\rchitects and rayi-
project organizatiosshould hava quality assurance neers work simultaneously and teaented on the
effect, since several instances can coegliance bestinnovative solution andnstantly checkdual-
with the required services. itative and quantitative goals are reachedata
Only a simultaneoasd comprehensive interdiscimodel, building informatianodelingd BIM, maps
plinaryproject teaneanfully deal with thelepend- the process from the initial idea to all vigilzaining
encies between function, form and energy and thi@iants and the real construction processt®e t
also identifyandevaluate the manifold cost effectdifelong operation of the building.
of actions in the process The integratlesign phase divided into different
This applies in particular to the financialsee Phases, in which knevow carriers from the differ-

quences of architectural decisions on energy cefEspecialistareas come together. This development
takes place in the investigation of variants and the




evaluation of the different concepts on the basisairresponds to the objectives of the client and the
ecological and ecan@ considerations. €lntegral target values.

desigrmethod makes it possible to compare variants

with each other and to select the concept that

3.1.2. AUTHORISATION PLANNING

When the authorisation plannjpigase begins, the 2) Building notice: construction works that have to

design team may have changed (new metolmers be notified to the building authority but can be car-

in and members may have left the team). It is themied out without a building permit.

fore importanto revisit and revietiegoals of the 3) Light procedure: construction works that re-

project ensuring that gsaand targets are under-quire a building permit but compliance of building

stood by all members. During authorisatiodesgn with building regulations is omiguredor

planning the final design is not defined in detaipart of the techical requirements.

However, in order to handeitical issues which 4) Regular procedureconstruction works that re-

may affect the prajegoalgidentified inthe concept quire a building permit and compliance of building

design) some technical solsianay need to be design with building regulations is ensured for all the

studied in detail. technical reqrements.

Also, this part of the procesgésative and depends 5) Regularization:construction works that have

on cooperatiorinterdisciplinary work isrucial in  been built without the required building permit or

this part of the process. In order to feat#i the it- contrary to the terms and conditions specified in the

erative and interdisciplinary work, it is advisableluilding permit, but may be legalised.

gather the entire design tea#h tines per month

where the entire design team work on the projectln the different Europeauntriesthere are dif-

The verification of the project goals are defineght combinations of possible approval procedures:

more in detail and responsibility ofikgficationis o Exemptions and regular procedure (e.g. Bel-

defined. gium, Cyprus, Hungary, Romania and Scot-
land).

In all Europeawcountriesthere are igulationsthat o Exemptions, building notice and regular proce-

regulate how construction may be carried out. These dure (e.g. Austria, Bulgaria, Czech Republic,

standards are necessary in order to plan and build Franceltaly, Luxemborg, Malta, Portugal,

safe, "healthy", energjficient and barridree Slovenia, Sweden, Northern Ireland and Eng-
buildings. Basicalpedroet. aldefined five proce- land & Wales).

dures in a publication accordingwhich an ap- o Exemptions, light procedure and regular proce-
proval procedure caperatgPedro, 2010) dure (e.g. Germany, Lithuania, the Netherlands

1) Exemptions:construction works that have to and Spain).

meet the planning demands and the technical k- Exemptions, building notice, light procedure
quirements but are exempt from the pepnmoce- and regulaprocedure (e.gstonia, Ireland and
dure. Slovakia).



Table3: Types of construction permitsin different countries (Pedro, Meijer, Visscher, 2010)

BUILDING LIGHT REGULAR

EXEMPTIONS NOTICE PROCEDURE PROCEDURE REGULARIZATION
Austria v v v
France v v v
Germany v v v
Italy v v v
Sweden v v v

The approval process basically includes the stepgvithin the scope fo the preconsultation

A pre consultation information about regulations on use, building

A (planning permijt height, maximum structural mass, etc. can be
A submission requested. With the exception of Bulgaria, this
A plan approval inspectiond a voluntary process step that makes the

approval processmore reliable andaire ondor
Not all steps are applied equally in all Europedr® planner / building owner. The information
countries. provided is handled differently in the countries of

the European Union.
Tabled: Giveninformationduring thepreconsultatiorare binding / norbinding for the permissigmiocess (Pedro, Meijer, Visscher
2010)

BINDING INFORMATION NON -BINDING INFORMATION
Austria v
France v
Italy v
Sweden v

The next step in authorisation is handled differertiyformation on building standards and the proce-
in the European Union. In some countries, a pladure for approval can be found onititernet in all
ning permit must firdte issued before a final permitEU countriesCodes, brochures and paper forms,
is given. But the planniqmermssionis not yet a can also be downloaded from the internednia
binding approval for the construction of thddsui third of the countries, electronic intake of a building
ing. The separate approval of design and buildingésmit application is already possible or being imple-
carried out in France and Sweden. In Austria, Garented in some countrig®edro, Meijer, Visscher
many and Italy theigonly one approval process for2010.

the building.



3.1.3. TECHNICAL DESIGN

When the technical design phase starts; the conflgtle client has chosen to procure the project as a
ration of the degh tean may have changed (newBC3 the client manage¢he design team. Tlaal-
membergome inand members may have left thevantage of a BC for the client is that the client has
team). It is therefore important to revisit and revigilve possibility to control the design in detail. How-
thegoals of the projeansuring thatthey are underever, the client may not have the competence to do
stood by all members. this, needing external consultants. Furthermore, if
Assumptions made in the concept design and & contractor is not involved, the desigmtenay
thorization planning need to be checked and verifidgck the insight of cost drivers, ending up with a
(e.g. ventilation rates, specific values for therroaktly design.

bridges, type of thermal insulation etc.).

Alsq, this part of the process is iterative and deperelsr the other types of procurement, the contractor
on cooperation. Interdisciplinary work is crucial managsthe design team. The risk of errors in design
this pat of the process. In order to facilitate the itis transferred to the contragt@ndthe contractor
erative and interdisciplinary work, it is advisableitwolvement will facilite te work to achieve a cost
gather the entire design tea#h tines per month effective design. However, the client expesance
where the entire design team work on the projectlossof influence on the design.

During technical design, the verificatiothefjoas

of the projecisdefined in detail.

As the commissioning tests are crucial for the o
come of the project, these tesedto be defined
in this phase.

In order to manage information in an effective we
it is important that all members of tresidnteam
haveaccess to informatioad. specifications, Gantt
scheme, drawings etc.). Thisis effectively handle
using cloudbased management tools.

3 Build contracts (BC)

In these projects, the client has (before contractor involvement)
designed a building, includitechnical design, and asks different
contractors for their bid. Usually the lowest bid wins the contract.

In this case, the client holds the risk of errors in design and the
contractor is not part of the design process.
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Figurel9: Integrated planning process \aititlenecks

B.201: Demand planningclie nt

At the beginning of the plannipgocesst is important to
describe the demand exactly, because on this basis tt
ningis set up by the integral planner team. In the cont
this demand planning, it is necessaryfioelgreciselwhat
the client's objectives are in termi$fefcyclecosts, the envi
ronment and social factors. These objectives must b
scribed in such a way that they can be measured bas¢
few parameters (numerical values).

B.203: Project management / - coordr

nation

nZEBs are mostly complex systems that have been dev
for a specifi building structure. These systems are usua
veloped irearly planning phases based on concepts. -
concepts are continuously refined during the project. Ct
to these systems usually havedfaching consequences, s
as delays and inefficé@s in the planning process. Good
formation management makso be carried out with the cc
struction site to be able to implement the planned syste
cordingly.

B.202: Integral planning

In order to be able® plan nZEBS, it is important that
planning departments wddgether as a team. Thisis nec
sary because new technologies have to be combine
complex geometric requirements. In order to implemer
task both effectively and sufficientlis itecessary for the i
dividual disciplines to work on a commosidi a continu
ous exchange of information.

B.204: Consultingexpertise

To provide comprehensive advice to the custainierim-
portant to relate the effectstbe decisions to the life cycle
a building or to a subsystem of a building. The impact ¢
cisions orife-cyclecosts, environmental impacts and sc
aspects must be clearly identified so that the decasiba
made based on a secure database.



B.205: Tools

ImplementinganZEB in planning requires an ear
sessment and evaluation of a variety of paran
which are dassically only examined at a later pl
stageTherefore, itis necessary to develop new me
and toos$, so that the necessary restdh be worke
out at the desired timein the planning process.

B.207: Newtechnologies

Using new technologies ora new combination ol
vidual known elements, it &a@come relevant to ina
porate the experience of executing companies

planning stage, as they often have further experie
execution problems or other restrictions. This ear
volvement avoids uncertainties in schieg@nd de-
sign problems. Tidreduces the risk of testing new
tems as all relevant parties work together to solve
lems.

B.209: Subsidies

To receive some governmsptnsored subsidigsis
necessary to send the application before installi
plant and wait for confirmation from the authorit
you do not follow the correct procedure, it is pos
not to receive the grant. So, if the request is no
cessed itime, it slows down thehole process an
postpones the installation.

B.211: Process definitions

To be abletassenbl@nZEB pla, new process flow
are required. This results from the changed re
ments the quality of the construction taskachieve
the goalscooperative / participative processes
working methods must be developed.

B.206: Database

To be able testimate a building in future use ph
realisticallyit is important to carry out the calculati
and evaluations based on a reliable dsita baaddi
tion to operating @a such as maintenance, dea
and repair costs, this should also indude costs
endof-life scenario, energy prices and price incre
The scope of thdatabases so essential becaus
building functions as awerall concept and thus t
entire life cyde ofa component has aninfluence:
considering the economicviability of alternatives

B.208: Supply with (renewable) ener-
gies

The type of supply and the renewable energy s
available at the building site must be checked an
lyzed in early plamd phases to be able toigeshe
most energgffident and cosffective overall syste
possibleSee some relevant actions to that withit
next chapter 4.3.

B.210: Environmental engineering ser-
vices

The influence of a technical or structural solutic
the life cyde of a building is not investigated.
means that costs during the use phase, environ
impacts and sodal stiards are not considérBue to
thelack ofanalysis and verification during operalt
is difficult to make reliable statements on these s

B.212: Information exchange / cooper-
ation

Due to themostlycomplex sstems ohZEBsit is nec-
essary that all parties involved in planning, constr
and use are in a constant exchange of informatio
exchange must be described irptbeesseso that a
cooperative coperation becomes possible.
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2.1

/ 7N
/ e
s -2
e 5
P e A
- - >
- // A
-7 ; A
- _ e s
-7 _ = - s
- - _— X
”t ,”_ —
- ———
~
Drybulb Temperature

STAKE -

MAIN DRIVER HOLDERS

Tenants/Users; Own

Planners Utilities

Definition of allowed thermal comfort ranges

Thermal comfort is a subjectheedbut tried to be defined ¢
jectively as thguality of the buildirfgiasdoor environment. T
increas¢éhermaktomfort, the planner mustefineoptimal ma
terials and technologies related to the building envelo
HVAC systemThat could raigganningandinvestmentosts,
but satisfied userstime long run decrease effort and ma

nance.
INFLUENCE INFLUENCE ON
ON PLANNING INVESTMENT
COSTS COSTS

el ~ A~
+ U + U

215
energy performance calculation

226
apply for funding

211
efficient use of materials

210
construction details - heat bridges

209
consider plugloads and internal gains

208
use of domestic hot water

213
energy recovery systems

224
storage facilities

225
energy flexibility - demand response

air tightness

INFLUENCE CO-
ON FOLLOW - BENEFITS
UP COSTS

Comfort

N

-u



2.2

Optimize buildinge

€€€

0,7

Surface to

nvelope ( compactness andi

nsulation)

The planner should aim for buildings with the lowestform fact
good insulationto decrease heat losses, thermal bridges and
overheating problems. Improvinh e ¢ o mp a c bflneac
the planning cost and has further positive effects: It reduc
amountof construction materials needed, provides better cc
conditions for the resident and decreases heating energy
(NHBC Foundation, 2018he challenge of shape and form).

€703 Volume Ratio
STAKE INFLUENCE INFLUENCE ON  INFLUENCE co-
MAIN DRIVER HOLDERS ON PLANNING  INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Owners; Planners; Muni Value devel
- palities; (Economi A~ A opment
Authorities - -
Chambers; Citize uu
groups/NGOs
2.3 Improve windowto wall ratio
Glazng andransparent components of a building influence tr
€ ergy alance during summer and wintéoreover, the transpan
10%  s0%  sou parts create high heat losses. It follows that a properlyd bsiigia
ing with optimizelow)window to wall ratio and-zalue contrikigs
€€E to minimisngtheinvestment costsyerall energy demand and foll
up costs.
&60% g80% 100%
STAKE INFLUENCE INFLUENCE ON  INFLUENCE co-
MAIN DRIVER HOLDERS ON PLANNING  INVESTMENT ON FOLLOW -  BENEFITS
COSTS COSTS UP COSTS
Owners; Constructic Comfort and
company; Authorities; M ~ ~ ~ rental income
Planners L S+ U -u -u
nicipalities; (Economi
Chambers
2.4 Optimizei nsulation
It is important to choose materials \Waththermal conductivity ar
-Roof< . . . o g
U-Roof: Z;"WM to optimize the thicknesd external building componeniBecreas
2w ing the Uvalue th@umbeof construction materialsetked increas:
indon: Uewindows and, therefore, also investment costs. On the other hand, im
22wk | BAY | ZEB I o ek the insulation providestber comfort conditions (increases mea
Uwall U-wall < diant temperature and decreases local discomfort) and reduex
2 015 .
03 Wimtk N up costs, related to heating engegyand.
STAKE INFLUENCE INFLUENCE ON  INFLUENCE co-
MAIN DRIVER OIS ON PLANNING  INVESTMENT ON FOLLOW -  BENEFITS
COSTS COSTS UP COSTS
Real estate fund; Construction com Comfort
Authorities; Planners; Municipali ~ A A
Owners (Economic) Chambers;  Citiz + U - U U

groups/NGOs



2.5 Efficient

spaced esign

Effective space planning ensures not only optimal use of flo
without wasted space, but has also positive effects on peop
buildingand on energy saving potential. Even if it respimasextr:
costs in the desigihrationalisethefunctional needs and theat-

. |::> C ing/coolingrequirements, which later on saves energy costs.
STAKE - INFLUENCE INFLUENCE ON  INFLUENCE co-
MAIN DRIVER HOLDERS ON PLANNING  INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COST S
Tenants/Users; Ownel Resource sa
Planners Construcj[ion compan 0 ) 0 ings
(Economic)  Chambet
Utilities
2.6 Flexibility& a  daptability
Applying the concept of flexibility and adaptability not only to
ponents of abuilding and its structdealigtbut also to its technol
gies and installations, make®ssibleéo achieve hanges quickl
Moreover, the building is desigfedlifferant uses and is switch
1 2 1|2 1 2 from a short life cyde to along life cyde. It requires bigger p
i i and investment costs, because of a more complex HVAC sys
> 4 N N it permits to reduce follow wpsts since it is possible to heat or
' only one part andotthe whole building.
STAKE INFLUENCE INFLUENCE ON  INFLUENCE co-
MAIN DRIVER HOLDERS ON PLANNING  INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Owners; Constructic Value devel
Planners company.; Athorities, 0 + 0 ) 0 opment
(Economic)  Chambet
Utilities
2.7 Optimizes olar gains/ solar control
Passive solar design techniques rérdgitenowledgensolar geom
Heat Heat etry andshading system technologissvell asnmodélingor sim-
seored Reeosed ulation of solar gains; therefore they raise planning costs. Opti
of solar gains can reduce or even eliminate the demand foreal
coolingheating andrtificial daytimkéghtingBy sometimes creati
higher investment costs, it dases matenance and annual en
costs
STAKE INFLUENCE INFLUENCE ON  INFLUENCE co-
MAIN DRIVER HOLDERS ON PLANNING  INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
. i . User satisfac
Planners pog];ffdtizﬂzg:;mon com CI + CI - CI CI tion, comfort



2.8 Improve the daylight

STAKE -
HOLDERS

MAIN DRIVER

Tenants/Users; Ownel
Real estate fund; Plannt
Municipalities; (Economi
Chambers; Society

Authorities

2.9 Energy performance ¢

/

STAKE -
MAIN DRIVER HOLDERS
Planners;  Municipaliti
s (Economic)  Chambet
Authorities Citizen  groups/NGOs
Society
2.10 Naturalv entilation

Ventilation Cross Ventilation

T

Stack Ventilation

STAKE -

MAIN DRIVER HOLDERS

Construction  compan
Owners Planners; (Economi
Chambers; Politicians

factor

By optimisingthe daylight quotient, life cyde costs for lighting
saved. A daylight simulation mustbe carried out as part of the
process in order to determine tlaglight quotient. Additional co
may arise in the context of investnoestssince partly larger wind
areas (also inside the buildegto corridors) or directing reflectc
are usually plannedin the course of optimisation.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Comfort,
~ ~ ~ health and
u + u -u COz-reduc-
tion
alculation

By determining the energy demand values using simulatiepe-
dfic statements can be made about the quality of the building
simulations cause considerabléiaaicl costs within the framew
of the planning process. However, these can lwedethua cooper.:
tive BIM planning process if it is possible to transfer the build
ometry from the BIMinto the simulation softwisteredetailed plar
ning can leadtfocused investment and lower energy costs.

INFLUENCE INFLUENCE ON  INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS

Value devel
~ ~ opment anc
-u -u energy saving

)

Duetothe passive approach, no feredrgy isequirel,although no
in allnZEB natural solutions would keep high indoor air qualit
natural ventilation also assimechanical ventilation systems in
ing down buildings during sumnhetthe context of planning, ho
ever, these systems require an increased planningdfftms
higher costthere.

INFLUENCE INFLUEN CE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS

Comfort
+ u -u



2.11 Cooling strategies
s \\\]\
i\\ ///
IS
4 N
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A N
MAIN DRIVER STAKE -
HOLDERS
Tenants/Users; Construction
company; Planners; Municipal
Owners (Economic) Chambers; Soci
Utilities
2.12 Renewable
Fay
Heating/ lect:
Dowestic Hot Water Collector
Boiler E g Pump
_‘.,E
Storage
STAKE -
MAIN DRIVER
HOLDERS
Construction company; Authc
Owners ties; Planners; (Economic) Ch
bers; Society; Politicians; Utiliti
2.13 Renewable energy
PV Module
EI@W
Shading! Inverter Meter
STAKE -
MAIN DRIVER
HOLDERS
Tenants/Users; Real estate fi
owners Construction company; Authc

ties; Planners; Municipalities;
vestors; (Economic) Chambers

energy dsolar thermal

Passive, active and hybrid systems are availab&ifugcondition-
ing of a building. In order to keep usage costs and investment
low as possible, care should be taken during the planning pi
optimize strategies fopassiveupply of the building andrtanimize
adive coolingolutionsA highrelation of passive to active coo
will give the cost savings during operation.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Comfort
u + u -u

systems

As solar thermal systems are widespread aridruseady years the
is already a good knowledge about the planning, system de
operation available. However, planning stilliasar a large she
of the overall system costsduding a good storage solutiopti-C
mized planningmight be moreengive than standard planning
cesses, butitcan reduce the investment and operation costs.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS

Increased at
+ Q + ] -0 G tarky and re

source saving

0 photovoltaics

As the investment costs for PV systems already decreased
dously in the past years, lihelizedosts of electricitycpg are al-
ready below the purchagosts for electricity in many countrie:
most electricity consumers. Due to the alreadgdes the maximi
zation of the owstonsumption is of major importance for the

efficdency of the systemsoding toKdhler et al., 20)8here ar
alo large cost saving potentials assodated with the PV syst
(cabling, cells, grid cogation, mounting), which cannot be influe
directly by the planng

INFLUENCE INFLUENCE ON INF LUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Increased at
~ ~ tarky anc
+ u -u some rente

income



2.14 Mechanical v

entilation

Mechanicayentilation systeraseof high need for healtdnd indoor
air quality. They aodéten accompanied by heat recovery Lstit@n-
tilation heat losses can be redwsgdificantlywhich means low
heatindoads are to be expected. Howeverstheentilabn system
often require a high amountof electricity to transport theaigh-
out ayeain addition, maintenance and repair costs areto be e
during operatian

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
High socie
R R economic
+ u + u value, com
fort

For dectridtyas well asot watelconsum ptionespedally in reside
tial buildingsprimarily the users atickir behaviour have a major
fluence on thenergydemand and the resulting usage .cBsiing
planning, care should be takeketep distributioand storagesses
as low as possible and to ennlewablgeneration of hot viet, so
the followup costs will be low.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Energy sav
N ings
- U g

ook
MAIN DRIVER STAKE -
HOLDERS
Owners; Real estate fu
Citizen Con.s.tructlon company; A
roups/NGOS thorities;  Planners; (Ec
group nomic) Chambers; Socie
Politicians
2.15 Domestic hotw ater
© © STORAGE
: : —
5 = ——
N N
Stored Heat 4 Stored Heat 4
MAIN DRIVER STAKE -
HOLDERS
Tenants/Users; Real est
Citizen fund; Authorities; Plannel
groups/NGOs Municipalities; (Economi
Chambers; Utilities
2.16 Plug loads and internal gains

STAKE -
MAIN DRIVER
HOLD ERS
Tenants/Users; Constructi
company; Municipalities; (Et
Planners nomic) Chambers; Citiz

groups/NGOs; Society; Poli
cians; Utilities

By integrating internal heat gains into a thermal samalaenerg
balance, the heating demand in wamtéisystem adjustmecds be
greatly reduced. Howevespadifia etailed consideration require
increased planning effort. In cooling mode, however, these

heat sources have a negative effeche required coolingpaity.

Thisis currently relevant in n@esidential buildingButa detailec
analysiandlow-costoconsideratioaf the internal heat souraedud-
ing plug loadalso makesense for the living area.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING  INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Comfat and
A~ A resource sau
- u -u ings



2.17 Storage facilities

crorace The development of heat and electricity stegagems is curren
«— under considerable pressforeinvestigatingew systems. Most

these systems are still characterized by higmereststs, bstip-
port the usage of cheap renewable energy systems like bio
solarthermal systemdjchcauses low operation costs.

Temperature °C
Temperature °C

N
7

A 4

Stored Heat Stored Heat

STAKE - INFLUENCE INFLUENCE ON  INFLUENCE co-
MAIN DRIVER HOLDERS ON PLANNING  INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Owners; Authorities; Mt Role modél
nicipalities;  (Economi A A A pioneering
Planners Chambers; Society; Ut + u - uu role
ties
2.18/19 Construction details -heat bridges and airtightness
wal Through a detailed analysis of the quality of the com pomaiohs,
] heat losséthermal bridgesind ventilation losses can be avo
(outside) (inside) Through thesmeasureg is possible to reduce the heating den
e but much hinder construction damagesbe utilzation phase. Tt
GO0 Bridge calculation of the thermal bridgiesiction gps and similas con-
mE (Slab, Beam,...) . . ) ]
nected with plannimgfort. However, the result of this calculatior
a great influence on thestainability of the constructions
STAKE - INFLUENCE INFLUENCE ON  INFLUENCE co-
MAIN DRIVER HOLDERS ON PLANNING  INVESTMENT ON  FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Owners; Authorities; Mt Comfort,
o . quality assul
Planners nicipalities; (Economi A A ance con
Chambers; Society; Ut u -u "
. struction
ties
value
290 [22 Thermal activated b uilding (TAB)e lements daccession ofthermal
' mass

TheTAB systems deliver heating and cooling power to the roo
low-tem peraturdifferences between supply flows and the rotee
prediction of thermal loadstisereforean important factor for eff
dent operation and thermal comfort. Generallyntagration anc
optimal operatiowithinthe HVAC systera essential and requirt
slightly higher planning effort compared teicaliailable heating ¢
coolng solutions, butoffers savings and storage/flexibility capi

the buil ditemgds energy sys
STAKE INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDEF-{S ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Construction  compan Comfort and
Planners;  Municipaliti A A enegy storag
Owners . -
Investors; (Economi u u

Chambers; Utilities



2.21 BIMs ystems

Authority

Facility é a @” E EContmctv‘on

Manager Company

HVAC Planner

Planner

Owner

STAKE -

MAIN DRIVER HOLDERS

. Owners; Constructic
(Economic) Cham '

Building information modelling, allowing all the partners in a |
to worktogether on a digital integrated design model, offers t
during both design and construction. There are important sa
reach concaing quality and contr@l.gthe planning of different i
stallations creating darity and promafitegratiorof different in-
stallation works. However, to achieve the desired output, educ
sonnel who know how to work with BiMneededand extréme
and resources (i.e. costs) in the early planning.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS

Role modél

company; Planners; Citiz () -0 ioneerin
bers grougs/l\)l/GOs; Utilities * u u fole °
2.23 Energy recovery s ystems
Energy recovery systems like/fantilation owastewatdreatmen
systems with heat recovery units are costly when installed, but
when reusing heat. Anim portantfactathis electricity consumpti
of the pumps orauxiliary energy neededitthe recovery systér
it is dedisive for threturn on investment
STAKE - INFLUENCE INFLUENCE ON  INFLUENCE co-
MAIN DRIVER HOLDERS ON PLANNING  INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COS TS
Owners; Planners; (Ec Energy anc
Authorities nomic)Chambers; Citize + 0 - [] resource sa\
groups/NGOs; Utilities ings

2.24 Heat pumps

AN ANS!
STAKE -

MAIN DRIVER HOLDERS

Owners; Authorities; Pla
ners; Municipalities; Inve
tors; Citizer
groups/NGOs; Politician
Utilities

(Economic) Cham
bers

The annual work rate, defined as theratio of the heat produce
electrical energy consumed, averaged over gnie yeamrmost im
portant factor defining if a spedfic heat pump systentig pamiary
energy and running costs or not. When the ratio is lower than
primary energy aiostsavingootential is left, and the heat pu
comes near terbeodoahediirmegts

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS

Use of energ
flexibility



2.25

MAIN DRIVER

Apply for

funding

STAKE -
HOLDERS

(Economic) Cham Authorities; Planners; Municig

ties; (Economic) Chambers; (

bers zen groups/NEOs; Politicians
2.26 Efficientuse of materials
-15% Materials j \;

] | L |
MAIN DRIVER STAKE -

HOLDERS
Citizen Authorities; Planners; M
groups/NGOs nicipalities; Politicians
2.27 Energy Flexibility

Demand =0—— Smart

Response Event =Q—— Controller

Load.

Baseline
Load

MAIN DRIVER

Time

N
4

STAKE -
HOLDERS

(Economic) Cham Tenants/Users; Owners; Auth

bers

ties; Planners; Municipalities; '
zen groups/NGOs; Utilities

Funding helpsthe market to advance with continuously impro
ergy performance within the newly constructed building sto:
longterm result. Applications are oftene.consumingeven mor
so in the cases where collaboration between many aequérésl
but the planning quality increagéswevermost often the cost
duced due to external funding covers working hours in the
phasesome investmentialated environmentathnobgiesandso
follow-up costs.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Value devel-
~ ~ opment anc
- u -u quality assul
ance

ForanZEBitis importantto economize the use of materials, b
to reduce unnecessary investmentioasFocus on effident m
terial use mdgad to higher costs in the design phase, espe
there are quantitative targets to reach in terms dédivad deman
ing CQ-catulations of different materials and constructions.
ever, if the focus is to optimize for example the am ounsiLdétion
in the construction, a simplified way could be to calculate the o
reduced kWh for this solutiommpared to other technical soluti
so that the costffidentalternatives are chosen.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
~ ~ Resource sa
u - u ings

0 Demand Response

Demand response and energyflexiperation of a building requ
additional monitoring, communication and automation technt
and therefore additional investment costs. On the other hanc
the current markenvironmenthe achievable cosvseys (or reve
nues) with demamesponse are very limited or not existing (esg
forsmall capadities/ loadEhe topicis interesting for a future flu
ating renewable energy market to save costs.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
~ ~ Fossil energ
+ u -u savings



3.4. PROCESS EVALUATIONRESULTS

3.4.1. LIST OF ACTIONS RELA TED TO STAKEHOL DERS AND OTHER AC-
TIONS

In the following table, the various actions were assigned to the main drivers and other stakeholders in order
to clarify the question of responsibility. In addition, the valempesidencies of the actions are listed in the
righthard column of the table to show which actions and stakeholders need to be communicated subse-

quently.
Tablé5: List of actionsplanning

ACTIONS MAIN STAKE - IN(IJ:IN_UOETI\IHCEERS
DRIVER HOLDERS ACTIONS
o Defi nition of Allowed Ther- Blanners Tenants/UsersOw ners; Utilities 2.4, %g ig 2.21,
mal comfortranges
Optimize Building Envelope Ow ners; Planners; Municipalities; 2.3,2.4,219,2.20
22 (Compactnessand Insula- Authorities (Economic)Chambers; Citine 2.21,2.22,2.26,3.
tion) groups/NGOs
. Ow ners; Construction company; Al 2.21,3.4,3.6
2.3 |mprove Window to Wall Planners thorities; Municipalities; (Economic’
Ratio Chambers
Real estate fup@onstruction com- 2.2,2.22,2.26,3.6
24 L lati SIS pany; Authorltles;_PIanners; Munici-
: Optimize Insulation palities; (Economic) Chambers; Citi
zen groups/NGOs
Tenants/Users; Ow ners; Construc- 1.8,2.62.8,2.16,
2.5 Efficient Space Design Planners tion company(Economic) Cham- 2.21,3.11,4.2,4.8
bers; Utilities
Construction company; Planners; 1.17,2.5,2.21,2.2]
2.6 Flexibility & Adaptability Owners (Economic) Chambers; Utilities 3.3,4.8
L . Ow ners; Construction com - 1.6,1.9,1.18,2.12
27 Optimize Solar Gains / Solar Planners thorities; (Economic) Cham%aepg? Ul 2.13,2.27
Control ities
Tenants/Users; Ow ners; Real estal 1.8,2.3,221
2.8 Improve Daylight Factor Authorities fund; Planners; Municipaliti€¢&co-
nomic) Chambers; Society
Planners; Municipalities; (Economi 2.2,2.7,2.20,2.26
29 Energyperfo rmance Calcula- Authorities Chambers; Citizen groups/NGOSs;
tion Society
Construction company; Planners; 1.7,18,2.14
2.10  Natural Ventilation Owners (Economic) Chambers; Politicians
Tenants/Users; Construction com- 2.2,29,2.10,2.14
2.11  Cooling Strategies Owners pany; Planners; Municipalities; (Ec 2.163.6
nomic) Chambers; Society; Utilities
Construction company; Autiit@s; 1.2,16,1.9,2.7,
2.12 RenewableEnergy - Solar Oowners Planners; (Economic) Chambers; < 2.15,2.17,2.25,3.
Thermal Systems ciety; Politicians; Utilities
Tenants/Users; Real estate fund; 1.2,1.6,1.16,2.17
Construction company; Authorities; 2.25,2.27,3.7
Renewable Ener - Photo- Planners; Municipadifi; Investors;
2.13 voltaics ¥ Owners (Economic) Char?ﬁbers; Citizen
groups/NGOs; Society; Politicians;
Utilities
Ow ners; Real estate fund; Construs 2.19,3.1,4.8
214  Mechanical Ventiation Citizen tion company; Authorities; Planners
: groups/NGOs (Ecmnomic) Chambers; Society; Po
ticians
Citizen Tenapts/Users; Reed;tat_e _funq_; Au- 1.17,2.7,2.12,2.17
2.15 Domestic Hot Water groups/NGOs thorities; Planners; Municipalities; 4.9

(Economic) Chambers; Utilities



INFLUENCES

MAIN STAKE - ON OTHER
ACTIONS DRIVER HOLDERS ACTIONS
Tenants/Users; Construction com- 2.11,2.21,36,4.9
216 . . Planners pany; Municipalities; (Economic)
. Plugloads and internal gains Chambers; Citizegroups/NGOs;
Society; Politicians; Utilities
Ow ners; Authorities; Municipalities; 1.17,2.12,2.13,2.1
2.17  storage faciliies Planners (Economic) ChamberSpciety; Utili- 2.24
ties
. . Ow ners; Construction company; 2.3,2.21,36,38,4
218 Construction Details - Heat Planners (Economic) Chambers; @it
Bridges groups/NGOs
Authorities; Municipalities; (Eco- 2.2,2.3,24,35,4.
2.19  Air tightness Planners nomic) Chambers; Citizen
groups/NGOs; Society
. - Construction companf?lanners; 2.2,2.9,2.21,2.26
220 Thermal Activated Building Oowners Municipalities; Invpestgrs; (Economi 3.4,4.6,4.8
Elements Chambers; Utilities
Ow ners; Construction company; 1.14,2.3,2.5,2.6,
221 BIMsystems Authorities Planners; (Economic) Chambers; F 2.18,3.1,3.9,4.8
iticians
(Economic) Ow nersConstruction company; 2.4,2.26
2.22  Accession of Thermal Mass Chambers Planners; Citizen grOupS/NGOS;
Utilities
Ow ners; Planners; (Economic) 1.17,2.7,2.27,4.7
2.23 Energy Recovery Systems Authorities S?ﬁmbers, Citizen groups/NGOs; 4.8
ilities
(Economic) O_vyne_r;;Authorities; Pla_lrjners; Mu- 1.16,2.17,2.21,4.¢
2.24  Heat Pumps Chambers nicipalities; Investors; Citizen 4.7
groups/NGOs; Politicians; Utilities
(Economic) Authorities; Planners; Municipalities 11,1.2,1.15
2.25  Apply For Funding Chambers (Economic) Champ_er_s, Citizen
groups/NGOs; Politicians
- Authorities; Planners; Municipalities 2.2,2.4,2.20,34
2.26  Efficient use of materials Citizen Politicians
' groups/NGOs
- . Tenants/Users; Ow ners; Authoritie 1.17,2.6,2.17
2.27 Energy Flexibility - Demand g?rggglg) Planners; Municipalities; Citizen

Response

groups/NGOs; Utilities

3.4.2. LIST OF ACTIONS RELA TED TO COSTS

The cost savings or higher costs depending on the action arenghewiable below. Therefefemeans
thatfewercosts are required than in a conventional planning procedure. On the other hmaahs that

the costs increase. The numbér also indicates whether the change is big or small compared to the already
known costsThe cosestimatiorior the differenaictions and the different casiusing project steps were
made in the course of the research project with the help of the project partners.



Tables: List of actions related tosts- planning

21

22

23

24

25

26

27

28

29

210

211

212

213

214

215

2.16

217

218

219

ACTIONS

Definition of Allowed Thermalcomfortranges
Optimize Building Envelope (Compactnessand
Insulation)

Improve Window to Wall Ratio

Optimize Insulation

Efficient Space Design

Flexibil ity & Adaptability

Optimize Solar Gains / Solar Control

Improve Daylight Factor

Energy performance Calculation

Natural Ventilation
Coo ling Strategies
Renewable Energy - Solar Thermal Systems
Renewable Energy - Photovoltaics
Mechanical Ventilation

Domestic Hot Water

Plugloads and internal gains

Storage faciliies

- Heat Bridges

Construction Details

Air tightness

Influence on
Planning Costs

o

Influence on
Investment Costs

Influence on
Follow -Up Costs



2.20

221

222

223

224

225

2.26

227

ACTIONS

Thermal Activated Building Elements

BIM systems

Accession of Thermal Mass

Energy Recovery Systems

Heat Pumps

Apply For Funding

Efficient use of materials

Energy Flexibility - Demand Response

Influence on
Planning Costs

Influence on
Investm ent Costs

Influence on
Follow -Up Costs

]



3.4.3. LISTOF ACTIONS 0 WORK BREAKDOWN STRUCTURE

The following diagram shows an overview of all actiagsess$o planning. In addition, they are further
divided into three categories in order to clearly define which part of the planning the individual actions belong.

ACTIONS P02 Planning

Concept Design Authorisation Planning Technical Design

Definition of

Allowed Thermal Improve Daylight Thermal Activated

Factor Building Elements
comfort ranges
Optimize Building Energy
Envelope
performance BIM systems
(Compactness and .
- Calculation
Insulation)
Improve Window - Accession of
Natural Ventilati
to Wall Ratio aturel entiation Thermal Mass
Optimize Insulation Cooling Strategies Ay T
Systems

Efficient Space Renewable Energy

3 - Solar Thermal Heat Pumps
Design
Systems
Flexibility & Renewable Energy

Adaptability - Photovoltaics Apply For Funding

Optimize Solar

Mechanical Efficient use of
Gains / Solar T 5
Ventilation materials
Control
Domestic Hot Energy Flexibility
Water Demand Response

Plugloads and
internal gains

Storage facilities

Construction
Details - Heat
Bridges

Air tightness

Figure21: List of actions planning



3.4.4. LISTOF ACTIONS 0 RELAT IONS BETWEEN THE ACT IONS

The following figure shows the correlations between the different actions and stakeholders. A more detaied
description can be found in chaj&et.4

Definition of Allowed Thermal bilateral corrrelation - 7%
1 Planners

comfort ranges . )

— — partial correlation 11%

2 Optimize Building Envelope Authorities

(Compactness and Insulation) correlation to other phast 0%
3 Improve Window to Wall Ratio ||Planners no correlation 82%
4 Optimize Insulation Owners
5 Efficient Space Design Planners
6O |Flexibility & Adaptability Owners

Optimize Solar Gains / Solar
7 Planners

Control
8 Improve Daylight Factor Authorities
9 Energy performance Calculation| |Authorities

10 Natural Ventilation Owners
11 Cooling Strategies Owners
(@]
c 12 Renewable Energy - Solar Owners
c Thermal Systems
c
Renewable Energy -
g 13 Photovoltaics Owners
(q\] 14 Mechanical Ventilation Citizen groups
o / NGOs
o ) Citizen groups
" 15 |pomestic Hot Water NGOS
c
© | 16 |Plugloads and internal gains | |Planners
=]
Q
< 17 Storage facilities Planners
Construction Details - Heat
18 . Planners
Bridges
19 |Air tightness Planners
Thermal Activated Building
20 Owners
Elements
21 BIM systems Authorities
22 Accession of Thermal Mass (Economic)
Chambers
23 Energy Recovery Systems Authorities
(Economic)
24 Heat Pumps Chambers
. (Economic)
25 Apply For Funding Chambers

26 Efficient use of materials Citizen groups

/ NGOs
27 Energy Flexibility - Demand (Economic)
Response Chambers

28 Other Phase

Figure22 Correlation of actions in planning
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4. CONSTRUCTION PROCESS [/ NZEB 8 LEAN
CONSTRUCTION MANAGEM  ENT

4.1. OVERALLPROCESS

Considering the building as a manufactured praldoctllows for the application of lean managestnant
egieswhich have been widely used in the industry sector (starting from automotive). In theelstalding

there are onlg fewexperiences, mainperformed in big and very complex construciiesbsit also in

smaller, standardized and highly industrialized concepts (for example BoKlok, prbdusiby IKEA

and SkanskaJRAVEzerdocuses ofean construction and operational protocols, whisiso be applied

for low and midise investna for low LCC nZEBs. CRAVEzero will develop construction and facility
management (quantitative and qualitative) indicators, and relative evaluation methods, enabling monitoring
and control of the effectimess and viability of a comprehensive low LCC rdéiBlopment process, as

well as generally better exchanges of data in the form of usable information and knowledge among the stak
holders involved.

Figure23
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4.2. TENDER/ CONSTRUCTION CONTRACTS

Once aproject is approved and gtite authoriza- different offers to determine thenspany that will

tion by authorities, construction companiedrare carry out the work.

volved inanegotiatiorphase. This phase of negotiation takes place between the
The companyeceivesll projectdocumentsand company and the direct investor supported by his
construction guidelingbgndraws up an economic her reference technicians (fund, priyaeson or
staement detailing the quantities, processes ap@l estate) in the case of work as a general contrac-
costs to realize the buildinglaxposes it to his cli- tor. If, on tie other hand, the company is required
ent. The construction company seeks to comply withperform only the role d@he constructoof the

all customer requests and where possible offerslmiding, it will deal with those involved in carrying
provementsSubsequentlhe negotiation between out the intervention on behalftbie client and who

the parties starts, the customer compares theéll coordinate the various professional figures.

4.2.1. CONSTRUCTION PHASE

As the permissions are obtairtheé construction separatelgs much as possible in an area and han-
phase can start. dling the interfaces between disciplines. This can be
The very first phase is related to the preparationsofc hi eved t hrough defining
the site, keeping the construction siteleenand t i on phasesdé and sequencin
unclttered as possible, then the realization of thiseful is a structuoé planning meetings to ensure
excavation fathefoundation that all operations can start when planned.

The construction company can start, from the re@Rrother point that can be crucial to avoid slow-
zation of the foundation and then all the bearimipwns is to give detailed "rules" for the decision
structurelf precast elements are used this phasepiswer of each level.

easig scaffoldingre avoidednd the construction The constructions have to reach the maximum func-
is faster. tionality, wih the satisfaction of the final users.
When the structure is completedthe envelope is Manufacturers and suppliers will have to be involved
closed other skilled workers can start to realize tanlthe design as soon as possible, to achieve integra-
nological systems (electric and HVAC), to instéithn and coseffectiveness of the building. Current
windows, to do interior works up to cdetp with achievements, progress, compliance with project re-
finishing elements. guirematsmust be verified by specific coordinated
Lean construction is an approach developed to iamd continuous measures. Better is facilitating qual-
prove efficiency and effectiveness dfe ity control throughout the construction process, ra-
constructiorprocess. Managing a lean constructiaher than doing this at teedwhen correcting prob-
means minimizing the waste of time, resources dwhs is much more difficult and expensive.
materialsand therebynaximizingvalue. The pse  Allowing an pencommunication between owner,
ence of a general contractor, which manages anguooject manager, contractors and engimgeenn-
ordinates all suppliers and operators, makes it paadiants is an issue tigatarantesa betteoutcome

ble to optimize the entire system through collabofidhe use of prefabricated systems and the displace-
tion, the elimination of obstacles and to fluidize timent of the workings as much as possible outside
process, with the aim of achigyvihe valueasired the building site is winning strategy. Using this

by the customer. technologyit is possible to apply the principles of

A key premise for successful lean construction is le&n production to construction. &ife construc-
materials and tools are available when an operation reducesn-sitework andocatesit mainly in the

is scheduled to start, equipment, design and pedapletory, allowing reorganization of technologies and
are in place. Breaking down the work and planningriocess aimed greaterefficiency and quality. The
with afocus on lethg the different disciplines work



main improvements between the standard metr
of construction and the c$ite are:

o0 Guarantee dbettercontrol and quality of the
product. Thanks to the industrialized syster
the production is optimized and the perf \
mances guaranteed,; |\

0 Production times are reduced thanks to the ¢ \
fectiveness and precision of production pre.
cesses; IaS

0 On-site operations are reduced to a minimur I
the risk of unforeseen events, delays and a¢=4=*— | o .
tional costs are reduced,; bk {

0 The scheduled timaed costs are more certain, | :
reduction of uncertainty to the realization of th """‘7
projects. ‘

The reliability of the goods produced, the traceabi
of the components, their programmable maint
nance as well as the containment of the energy ¢
become aspealscisive for ofkite construction.
Another strength of lean construction is the im-
provement of health, safety and environment and
also job satisfaction (quality of working condition is
improved, better cooperation and fewer conflicts are
aguarantee




4.2.2. COMMISSIONING/ HANDOVER

At the end of the construction, compliance with that canincreaseenergyconsumgon and cause
project must be guaranteed. Checks and meassireictural damagtiring operational phases.

ments are performed already during the executiom e maintenance of the systems itant to pre-

the work, but at the end real tests are carried ous&rvethe energyefficiency of the overall building.
ensure the effiency of the building (static testThe solution is to monitor and control some im-
blower door test, verification of the electrical systepagrtant parameter such as energy consumption or
etc.). heat production adheHVAC system. The principal
Together with théuilding the customer is given a purpose oenergy monitoring is to store datam-
manual of use and maintenance, which collects alplement automatic statistianalysis to predict fail-
dications for the correct use of the building amd thire of HVACcomponents

components installed in it. Th@nuaintendsto  Commissioning advantages:

provide general advice to optimize the use of tidée organized planning of the processes of the com-
new home antb manage scheduled maintenanaaissioning of trades and plant components has the
services efficiently goal of acleiving thdunctionality required in the or-
Today, thanks to digitized systems, such as BIM, @dés demonstrably and transparently.

possible to provide a real idgntard of the build- This is a process which is intended to prove the en-
ing, to be uxd for the management of the entire liféire functionality of all systems in order to ensure the
cycle of the building. function of the individual trades.

After the realization dhebuildingit is necessary to The result of the organization bétcommissning

do some test to veriflze operational phase tife  is a functional building with all plants, which ensures
HVAC and energy production systé&ime first test the use for the client from the first day on.

is the production of electricafthe PVsystem that Basic determination within the scope of commis-
has to be similar the desigrparameter. Another sioningareguarantesparameters by the contractor
important test is related to the balance of radias the basis for performance measursmaad con-
flow heating and mechanical ventilation to provideact fulfilment.

heating and ventilation according to design. The objective of the orgaed commissioning is to
The last test considered is thevelodoor test that maintain a functional and eneegffcient object

is necessary to evaluate real air infiltratiwtdB ~ with all plant components of the technical building
building to correct the presence of realization faeljuipnent.



The operating parameters on which the planning is § The releasef thecontractor fromwarranty
based and wtth correspond to the client's specifica-

tions must be verified by the trade contractor.  ste p 1 Performance assessment

Necessary adjustments of operating parametergdgification of the performance of the service in ac-
order to achieve optimizations are to be init@ted cordance with the contract as a prerequisite for the

ganizationally. This is achieved by trial operation gfi¢eptance of the service (which means an apparent
longterm nonitoring of the technical building acceptance).

equipment in operation by taeility manager

The determination of the methods to be applied ¥he acceptance consists of:
the course of commissioning is also important for
detrmining the basic principles (verification by the
respective tradewtractor). This concerns the tools
and activities for implementation. This is a prerequi-
site for preparing or orgainig the commissioning

by suitable persons in viewadargenumber 6 dif- ,
ferent requirements of the parties involved in the The proof of the crosadustry safg func-
constructiowork and the type of use. tion test = proof of the official requirements

Due to the given complexity of the project, the as- T The proof of the function test covering all

The completeness check
The prod of the functional test = commis-
sioning

1 Proof of function measurement = proof of
commissioning

surance and control of the desired quality is an im-  1rades = commissioning
portant and desired service of the client. This service T  Thecrossfunctional measurement = verifi
is b be provided by the respective contractor as cation of the trial operation

proof of his completauffilment of the contract.
This interface matrix enables the creation of taskStkp 2 Completeness check
locations, proof allocations, schedulmggapacity Proof that:

of personnel, etc. 1 The delivery has bemade in full to the ex-
tent provided for in the contract
Procedure for commissioning: 1 The components or the system components
are properly installed in compke with the
B efore handover/acceptance technical and official regulations sfiashd-
1 Completion of the plant by the respective ards
contractor 1 There is accessibility for operation
1 Quality inspection by the respective con- 9§ All official documentatias available
tractor

1 Quality control by adjacent trades together
1 Elimination of open services by the respec-

tive contractor Step 3 Scope of inspection
1 Acceptance by the client bis vicarious ' Comparison of the delivery with the con-
agents tract, both in terms of scope and material
1 Elimination of defects by the contractor T Checking compliance with technical and of-
1 The tikeoveby theclient ficial safety regulations
9 Proof of submission of all documents nec-
After takeover essary fotheoperation
1 Real operation during the warranty period T Proof of submission of all necessary docu-
by thefacmty manager ments for energy management
1 The finaldetermination by thelientor by 1 Evidence of the training and instruction
its vicarious agent provided, abovall in safetyelated matters

1 Elimination of defects by the tradesman (accident management)



1 Verification of the assured nominal values
to be provided by the plants under load
Step 4 Function test (random checks).
1 Verification of the contractuainctionality
of the plant, the technically correct install&tep 6 Ch  ecks
tion and the effectiveness of the individudbetermination of the material quality, the execution
components. quality and proof of the trouHleee and efficient
operation of the plant components.

Step 5 Function measurement

Step 1 Step 2 Step 5
Performance Completeness Stelp ° chpe St?p 4 Function Step 6 Checks
of inspection Function test
assessment check measurement

Figure25: Commissioning procedure aftekeover
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Figure26: Construction processottlenecks

B.301: Installation of innovative tech-
nologies

To achieve the energetic status of anZEB, itisr
sary that the overall quality of the building is at &
high level. The development of new construction:
theinstallation of new technologies mustbe made
experienced &en. Lack of experiemcan lead to prot
lems in building operation or construction defects

B.302: Budgetconstraints

During the constructiowork it is recognized that tt
expenditure is greater than it was estimated by th
ner team. These misjudgements can lead to the
request for chages in planning, which then lead:
high additional costs, asZEB is based on comple
building concepts.



B.303: Commissioning management

nZEBsoften have complex building technology, w
requiresamplex commissioning and eventually m
toring during operation to achieve the desired qt
This measurement can reduce the risk of failui
building operation, as all components are cheutiec
vidually and in interaction. Thistesting and conmpr
sive documentation can identify weaknesses and
fications compared to planning.

4.4. ACTIONS

PROCESS

B.304: Communication in the construc-
tion process

To set up the complex system of a nZBBreasec
communication between the individual participai
necessargs the different systems are dosely linke
addition it is necessary to keepmprehensivdoau-
mentation of the interaction of the individual sys
as well as the functionality of the individual systel

ACTIONS

go to action items for
owners fuser

go to action items for

municipality integrated planners
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301
prefabrication of multifunctional
building elements

304
eliminate heat bridges

305
installation of renewables

308
construction checklist
— indoor air quality assessment
302

air tightness measurement

303
infrared thermography

307
tenant design and construction
guidelines

311
green power and carbon offsets



3.1 Tenantdesign and

Green Design and
Construction Guideline

d.

MAIN DRIVER STAKE -
HOLDERS
Tenants/Users; &al estat

Owners fund; Planners; Investo
Utilities

3.2 Energy performance

Energy performance

guarantee

construction  guidelines

Informed tenants and users of buildimgmnsn most cases eas
detailed planningffort because things could be simplified in ¢
cases. Fdhe "second generation" of occupamtssers abuildings
such guidelines can édgemaintenance and operationwhen thi
informed about building services and procedures properly.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS

Energy sav
- U -0 0 ings
guarantee

The direct benefit from a guaranteed energy performance is
duced risk for the dient/investor, butthere are also indirect sa\
terms of reduced costs during the follgnmainly da to the en
hanced efforts to succeed with the energy perfoentans gainin
effect from doing Oeverythi
tion. Of course, the extra effort means some extra costs initi
that is likely to be paid back by geodrgy related managernr
thereby reducing mistakes and errors

STAKE - INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Tenants/Users; Ownel Value devel-
. Real estate fund; Plannt ~ ~ ~ opment anc
Utilities Investors; (Economi u -u -u service qualit
Chambers
3.3 Extended producer responsibility

Recycling Design

Producer
Responsibility

Production

Renovation

Operation

STAKE -
MAIN DRIVER HOLDERS

Owners;
Citizen company;
groups/NGOs Planners;

Politicans

Constructic
Authorities
Municipaliti

The producerisneouraged to improve the quality of the prodL
promote durability. Being responsible for the disposal obided:
stimulates the producer to evaluateiriiiee life cyde of the asset
order to identify solutions that reduce waste managemeahd:
increase recyding lev@g.supporting the material recyding mai
it helps to reduce the extractiarimport of raw materials, avoid
risks dexiing from price fluctuations.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS

Resource Sa
ings

-a -0 a



3.4

Prefabrication of multifunctional

MAIN DRIVER

Planners

3.5

STAKE -
HOLDERS

Owners; Construction compa
Plannerg,Economic)Chambers

Air t ightness

Blower

Door
Test

MAIN DRIVER

STAKE -
HOLDERS

(Economic) Charn Construction company; Authc

bers

3.6

ties Planners;
groups/NGOs

Citize

Thermography infrared

MAIN DRIVER

STAKE -
HOLDERS

(Economic) Chan Owners; Construction compa

bers

Authorities Planners;
groups/NGOs

Citize

building elements

The wseof integrated and standard modular systems pterimjti-
mize design and coordiredéferent competencas an early stag
On-siteinstallations are reduced t@@imum, the risk of unforese
events, delays andepuosting areeducedReplicating standardiz
proceduress useful to better contrdle execution on site and red
construction defect€onsidering the entire life cyde it is preferak
be able to replace only some components of the baiklinge r
to improve performance.

INFLUENCE INFLUENCE ON  INFLUENCE CO-
ON PLANNING  INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COST S

Value devel
opment and
quality assul
ance

N

m easurements

Theplanning cost is negligible as few requirements areto be i
in the air tightnesspedification tests. Additional remedial works
be necessary if performance is not obtained, but it mainly ir
labaur cost and smoke test to identify aidgakRegarding folloyw
costs, an airtightness performance will be able to cdrdid@stigne
energy performance.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Quality assur
~ ~ ance and cor
+ u -u struction
value

Noinddence on planning costs sincértfrared camerist is done
beforehandover when the building is under commissioning p
Theinvestment cost of the test reatire rent of the thermal cami
Additional remedial works could be necessary if performanc
obtained. The cost of these works could be minor or degiemding
on the origin of the defect. Regarding the fellpwost, this testw
verify the compliance of the designed envelgyality.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Quality assur
+ Q -0 ance and cor

struction value



3.7

. I,

Installation

MAIN DRIVER

Owners

3.8

MAIN DRIVE

Planners

3.9

wall 1t

L

Eliminate

(outside)

STAKE -
HOLDERS

(inside)

wall

L Thermal Bridge
r (Slab, Beam....)

I

STAKE -
HOLDERS

Construction companguthor-
ties; (Economic)Chambers; Cit
groups/NGOs

Construction checklists

MAIN DRIVER

Owners

STAKE -
HOLDERS

Real estate fundop@struc-
tion company;Planners
(Economic)Chambers

of renewables

Installing renewable energy sources has a positive impact or
bon footprint emission and the selhsumption of cheap energy
site. Various types of mmables could be used depending on sit
straints: solar, wind, geotherrambined heat arngower CHP

from biogas, etc. The size of the renewable installation will de
the objective retained in o
ergyconsum ptioim operation

INFLUENCE INFLUENCE ON  INFLUENCE CO-
ON PLANNING  INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS

CO2reduc-

+ 0 + 0 -0 a tion

heat bridges

Theinvestment cost dueto elimitlageheat bridges is moderate
ternativesolutions for thermal blockenr® to be considered to red
overall thermal losses like: external insulatiemahselbearing ba
conies and simil&egarding the followp cost, thermal bridges-
tributeto a relativig high part otheenergy prformanceespedall
when given to the ground where heat losses sustain over lo
during the year.

INFLUENCE INFLUENCE ON  INFLUENCE CO-
ON PLANNING  INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS

Quality assur

A~ A~ ance and cor
+ u -u struction

value

Identify critical nodes and pitfalls of the construction duringthe
phase help tononitor them during the realization of thalding.
Measures and test carged t0 ensure the effidency of the builc
componentsan assure the quality of the building and prevent
problems. Alsoimportant is to verify that the project geatssah e
and respectedo correct defects during the construction phas
even much betteio prevent them during design phase, orimme
afterspedficconstructiomwork

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS

Value devel
- U - U opment



3.10 Green power and
MAIN DRIVER STAKE -
HOLDERS
Owners; Citizen
Tenants groups/NGOs;  Societ
Utilities
3.11 Indoor air g

Co-Benefits: User Acceptance

/coz\

NO2

voc

MAIN DRIVER STAKE -
HOLDERS
Tenants/Users; Ownel
Citizen Construction  compan
groups/NGOs Authorities; Planners; M

nicipalities

carbon offsets

Purchasing carbon offsets or chose for green power certified el
allows to compensate for the emissions of greenhousanyhde
creases the implementation of green power plaetsore planne
and placed investments in such projects, the more costs on fi
ergy later on can be reduced.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
COz-reduc-
+ O -0 G tion

uality (IAQ)a ssessment

IAQ assessmenteans define criteria in an early stagdighdly af-
fects the cost during the building life cyde, and it is not direct
nected to operation adjustmentin orderetuce thenergycost.
Nevertheless, it is strategic to improve the comfort conditions
occupantdyecause it could redule maintenance and building
vices system costs

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVES TMENT ON FOLLOW - BENEFITS
COSTS COSTS UP COSTS
Comfort
u -u



4.5. PROCESSEVALUATIONR ESULTS

45.1. LISTOF ACTIONS RELATED TOS TAKEHOLDERS AND OTHE R ACTIONS

In the following table, the various actareassigned to the main drivers and other stakeholders in order to clari
the question of responsilyilitn addition, the various dependencies of the actions are listed inttiaadigiaiumn

of the table to show which actions and stakeholders neexmbtamenicated subsequently.

Tabler: List of actionsconstruction

31

32

33

34

35

36

3.7

38

39

310

311

ACTI ONS

TenantDesign and Construc-
tion Guidelines

Energy performance guaran-
tee

Extended producer responsi-
bility

Prefabriction of multifunc-
tional Building Elements

Air Tightness Measurements

Thermography infrared

Installation renewables

Eliminate Heat Bridges

Construction checklists

Green Power and Carbon Off-
sets

Indoor Air Quality Asses s-
ment

MAIN
DRIVER

Ow ners

Utilities

Citizen
groups/NGOs

Planners
(Economic)
Chambers
(Economic)

Chambers

Owners

Planners

Owners

Tenants/Users

Citizen
groups/NGOs

STAKE -
HOLDERS

Tenants/Users; Real
estate fund; Planners;
Investors; Utilities
Tenants/Users; Own-
ers; Readstate fund;
Planners; Investors;
(Economic) Chambers
Ow ners; Constiction
company; Authorities;
Planners; Municipali-
ties; Politicians

Ow ners; Construction
company; Planners;
(Economic) Chambers
Construction company
Authorities; Planners;
Citizen groups/NGOs
Ow ners; Construction
company; Authoritie
Planners; Citizen
groups/NGOs
Authorities; Planners;
Municipalities; (Eco-
nomic) Chambers; Citi
zen groups/NGOs; So-
ciety; Politicians; Utili-
ties

Construction company
Authorities; (Eco-
nomic) Chambers; Citi
zen groups/NGOs

Real estate fund; Con-
struction company;
Plannerstnvestors;
(Economic) Chambers
Ow ners; Citizen
groups/NGOs; Soci-
ety; Utilities
Tenants/Users; Own-
ers;Construction com-
pany; Authorities; Plan
ners; Municipalities;
Citizen groups/NGOs

INFLUENCES ON
OTHER ACTIONS

2.2,2.3,2.4,2.12,2.13.
2.18,2.26,3.4,33R89, 4.7

1.19,2.17,2.23,3.7,4.1
44,47

3.5,3.9,4.4,2,43,4.4,
45,46,4.7,4.9

1.17,20,2.26,3.9,4.8

2.19,2.26,3.11,4.8

2.3,2.4,2.16,2.18,2.21
2.23,3.8

1.11,1.16,1.17,1.19, 2.

2.17,3.9,42,45

2.3,2.4,2.18,2.22,2.2¢

2.2,2.3,2.4,2.14]18,3.1,
47,49

1.9,2.7,2.12,2.13,2.2¢
2.27

2.10,2.11,2.14



4.5.2. LIST OF ACTIONS RELA TED TO COSTS

The cost savings or higher costs depending on the action are shown enliblwbl hereforé means thdess
costs are required than in a conventional planning procedure. On the other haahs that the costs increase.

The number ofl also indiates whether the change is big or small compared to the already knowre cmst.
estimatioffior the different actions and the different-castsing project steps were made in the course of the researc
project with the help of the project partners.

TableB: List of actions related to costenstruction

2 2
z P2 Z W z N
Ou 00 0o Q
w O w O w ©
QO Ok oo
CER 1
- Z | E e
L= [T oS
zsg Zu z 2
z > o}
z s
31  TenantDesign and Construction Guidelines . o
-u -uu
32  Energyperformance guarantee
+ U -u -u
33  Extended producer responsibility R L |
-u -uu + L
34 prefabriction of multifunctional Building Ele- R R
ments -u -u
35  Air Tightness Measurements
+ 0
36  Thermographyinfrared
+ u -u
37  Installation renewables A . o
+ U + u -uu
38  Eliminate Heat Bridges
+ u -u
39  Construction checklists R |
-u + L
310  GreenPower and Carbon Offsets
+ U + u -uu

311 IndoorA ir Quality Assesment



4.5.3. LISTOF ACTIONS & WORK BREAKDOWN STRUCTU RE

The following diagram shows an overview of all actions assigmestriactionin addition, they are further divided
into three categories in order to clearly defiwgich part of theonstructiorthe individual actions belong.

ACTIONS P03 Construction

Tender/Construction

Construction phase Commissioning
Contracts
Tenant Design
and Thermography Green Power and
Construction infrared Carbon Offsets
Guidelines
Energy . . .
Installation Indoor Air Quality
performance
renewables Assesment
guarantee
Extended Eliminate Heat
producer

Brid
responsibility nages

Prefabriction of
multifunctional
Building Elements

Construction
checklists

Air Tightness
Measurements

Figure28: List of actions in construction



454, LISTOF ACTIONS 0 RELATIONS BETWEEN TH E ACTIONS

The following figure shows the correlations between the differ@ms aad stakeholders. A more detailed descrip-
tion can be found in chapt2r4.4

Actions P03 Construction
D

10

11

12

Tenant Design and
Construction Guidelines

Owners

Energy performance guarantee|

Utilities

Extended producer
responsibility

Citizen groups /
NGOs

Prefabriction of multi-functional

bilateral corrrelation

partial correlation

correlation to other phase

no correlation

Building Elements Planners
Air Tightness Measurements (Economic)
Chambers
. (Economic)
Thermography infrared Chambers
Installation renewables Owners
Eliminate Heat Bridges Planners
Construction checklists Owners
Green Power and Carbon Tenants /
Offsets Users

Indoor Air Quality Assesment

Citizen groups /
NGOs

Other Phase

Figure29 Correlation of actions in constructianw n representation following the PLENAR planning tool

-

14%
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5.BUILDING OPERATION PROCESS

5.1. OVERALLPROCESS

At the end of the constructioprocess, once the - 0,1to00,5 for design costs;

building iscommissionedested, certified and the - 1 for construction costs;

userhas mowd in, it is important to ensure the - 5 for maintenanceosts;

proper building opation. Facilitiéperations and - 200 for costs of operating the business dur-

maintenance include a broad spectrum of processes, ~ Nd the lifetime of the building, including
tools and services required to assure thatthe building ~ Staff costs.

will perform the functions for which it was designefihereforeto recover the initial construction cost,
and costructed. A appropriateiser behavie, oc-  since it is the smallest amount, the maintenance and
cupant invivement, continuous monitoring and amperating costs should be minimizedogtimized
optimized maintenance raise potential for cost FRonitoring system permits to conttiok enery

duction and savings. consumption, the efficiency of facilities and thermal

Operation and maintenance represent the greaiftameters of buildings continuouBlyr example,
expense in owning and operatibgidingover its  if in winter thedetected outdoctemperaturex-

life cycleThe Royal Academy of EngineefRayal ceedshe sepoint, it will be possible to deease
Academy of Engineerid98)reports that the heating poweSothe optimal temperature ahéit
typical costs of owning an office building for 30 yeaff| comfort conditionsan be reached as well as the
are in the ratio of: energy consumptioeduced

N l
o 5 . .
= user moving in
i
@ = = . .
2 N 1
= monitoring consumption monitoring production
£ -
I » general electricity » electricity
= + user electricity + heat
2 « heat
E « cooling transferred energy amount
i i « ventilation . electricity
. ete + warmth
» = [ |
" 3 J
o_E ' go to action
i evaluation from measured values item
E'E E fine tuning of the building service control continousliy
= 53 monitoring
Jgo
U+ o

maintenance of building
components and technical
equipment

service of technical
equipment

maintenace
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: architecture Strectaral nginessios /
] g retrofit measures / Plr . further
= E= renovation work repair / repe'.'.'al f _as:laptlon information
= = ! technical facilities
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- '
ct
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w £
SE l
U o
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= reconstruction measures . further
= information
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g v
: ] .
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@
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E monitoring consumption monitoring production
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"E « general electricity « electricity
o « user electricity « warmth
E « heat
« cooling transferred energy amount
= ventilation .
« stc. + electricity
« warmth
| I
L)

evaluation measured values
fine tuning of the building service control

customize
technical
equipment

Figure30: Operation process

5.1.1. OPERATION

During the operation phase, the tenants and ownbtslding, serviceand the plant technology is re-
of the building are the main actéwsoperdionand quired during operation in ordebimable to control
maintenance plan can be used to ensure that ldldng services engineering and to exclanhage
building functions in the manner defined in the pladue to incorrect operation, care and maintenance.
ning phase. This inclesl component life expec-Another strategy to improve thesoation of build-

tancy, a plan for recurring operating and maintegs is to influence user behaviour. Improving user
nance sessions, deceptive routines, target valuedahdviour can lead to energy cost savings of around

performance indicators, and a plan for recurring ttb%.Therefore, occupant and operator training can
spetions of target values. In additiancomplete have a positive impatisers should be informed
and always up-date docunmgation of the about how they cawperate buildingechnology in



an energefficient wayln addition, a user profile and integrated probléfault detection sbuld pro-

can be created in the planning phase in order to diele automatic alerts.

sign he building concept accordingly and positiveynother concept to ensure efficibaiiding opera-
influence the operation phase. tion is advanced energy measurement. In addition to
Problem detection and optimisation is also an optioronitoring energy consumption anesda produc-

to securehe efficientoperation of a nZEBThe tion from renewable sources, energgsuming
monitaing of all technical buildirffgnctionalities equipment, which accounts for more than 10% of
(seebdow) is importart in order to achieve the total energy consumption, must be monitored sepa-
nZEB standard in operatiod.continuous compar- rately. For electricity, it is necessary to monitor both
ison should be made between the planned and temsumption and demand. Data must be accessible
actual congnption.If the energy consumption of aremotely. All meteis the system should be able to
particular syst is not as planned (too high)Yo report hourly, daily, monthly and annual energy con-
detectleaks, system problestisadvancedontrol  sumption.

5.1.2. MONITOR ING

The energy demand of nZEBs is usually calculapdcessing). However, withgards to the financial
with simple tools in the planning phase of the buildspect, monitoring has demonstrated to be a highly
ing process. Only mfewcases, measurememés costeffective means of obtaining signifiear@rgy
taken during the operation phase of the buildinggavings around 10 to 20%he larger and more
proving ot only the eergy performance / effi- complex the building ishe moreprofitable the
ciencybut also comfort conditionBhus field mon-  monitoring is likely to b&tan@rdizednonitoring
itoring, meant agn observatiorof buildingd seal procedures, in particulor new buildings or com-
operation parameters for the evaluation of itesysiprehensive retrofiaire easily availabléere are in-
energy performance through measurements samgdational standards lik&0d 50006nd ISO 50015

and recorded at regular intervals, becomes a nemggther with tha | matienal Performance Meas-

sary part of energfficiency programs. From thisurement and Verification Protd¢@®MVPY) of t he

perspective O0moni t oon-i rEffidendy ¥ValuationtOrganizdti@\vO3 whitkeatl a t
trolling building facilities to ensure suitable comfdnelp in assessing procedures on monitoring.
conditions (as usually perceived as Building Enefgflowing steps are particularly relevant for the
Management SysterBEMS), butitfavars energy assessment nZEB:

efficiency by increasing the awareness of buildifig Collection of bilding data

ownes facilitymanageswithrespecttoengy use, q Definition of monitoring boundaries
suggesting energy saving measures to be addptedia Selectin of metrics and relevant data required
evaluating them afterwar@dit, diagnosis and ¢ gelection of data frequency and duration of
continuous commissioning). measurements

Although the recognition of the effectiveness of & |dentification of suitable sensors and data
monitoring system, measurement campaigns for en- acquisition system

ergy performance assments are not yet a Commonﬂ Final planning of thenonrtorrng equ|pment
practice in buildings and yh&re often limited to re- and installation

search or demonstration projects. Major barriers afe pefinition and implementation of dapost
the equipment cost and the effort I'eCIUiI'Ed in moni processing (eg performance indicators)

toring activities, spanning from the system planning  pefinition of a standard reporting
to the elaboratio of the collected data (post

c



5.1.3. MAINTENANCE

All facilities of theuilding require maintenance durThe purposes of a complete maintenance program
ing its service lifdt is possible to perform both include:

planned preventivar predictive maintenance and

- reduce unscheduled shutdowns andrsgpa

corrective (repair) maintenance. Preventive Mainte- - reduce capital repairs;

nance (PM) consists of a series of tame | T-based
maintenance regaiments that provide a basis for

- extend equipment life;
- minimize lifecycle costs;

planning, scheduling, and executing scheduled - provide safe, functional and reliable systems
maintenance. PM includes lubricating, cleaning, ad-  and fadities.

justng and replacing components. Predicti\/g

dation mechanism with the goad@rrecting it prior
to a significandeterioration in the component or

essary toaturn the equipment fwoperlyfunction-
ing condition or service and may be either planné
or unexpectedSome equipmerat the end of its

completely serviceable condition as prescribed
maintenane serviceability standards.

ne example is heatimghydraulidalancing: it is

Maintenance attempts to detect the onset of a degra—

ery important especially when centralized heating
systems with significant line lengths and numerous
equipment. Corrective maintenance is a repair nRGoSures reducing branches, bends and fatings

usedn a nZEB The flow and heat transfeith in-
cr&\asing distance from the boiler system and pump,
are increasingly loaccompaniebly some comfort
service life. ma _ . Problems, so a hydraulic compensation has to be

, may need an overhaul: a restoration [0 a , . .
%og/ne. Thanks to this maintenanmsasurd is pos-
sible to achieve ) % energy savings, increase

fortandinterceppt her pr obl ems as h

noise.

5.2. RENOVATING ABUI LDING:DEFINITIONSA NDLEVELS

The renovation represents an important step of
the building life cycle that alloessuringthe
proper operation of a building increasinditbe
cycle perspective. The
adopted for describing different levels of interven-
tion. Renovation can deal with interventions for
replacing or upgrading a single element or multiple
parts of the building as well as the installafion
RES

Thanks to the EPBD (Energy Performance of
Building DirectiveEPBD defined in 2002, recast

in 2010 and updated in 2018), the renovation of a
building has to be linked with an improvement of
the energy performance, and according to the level
of therenovation each Member State established
different perfomance requirements for either the
single element or the overall building.

By using a classification by BPIE, when the appli-

BPIEalso introduceanother level, i.e. moderated
renovation, implementing from 3 to five building
elements, allowing for a saving ranging from 30 to
60O r d oOrenovationdé can be
Concerning higher levels of interventions:the

ergy Efficiency Directive 2012/27 /ghtroduced

the concept of refuebésipmente nov
thda reduces both the delivered and the final energy const
tion of a building by a significant percentage compared v
the preenovation levels, leading to a very high energy pe
formance | mpl ementing a deep
means to adopt an integrataygoroach athe
wholebuilding level, allowing for a more ezfst

fective process and fbigherenergy savings in
comparison to the adoption of separate energy ret-

rofit measures

Although the EU Directivedo not provide a
quantitative definition of a deep renovation, it is

cation of a single measure (e.g. installation of a newpossible to link the concept to the major renova-

boiler or roof inslation) can be defined as minor
or simple renovation, andis usually expected
energysaving up to 30%.

tion, introduced by the EPBD 2010/31/EU as a
set of interventions fulfilling one of the following
conditions:


https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32012L0027&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32012L0027&from=EN

1 eithermore than 25% of theugace of the The most ambitious level is the renovation to-
building envelope undergoes renovation wards nZEB, aimed at implementing the set of
1 orthe total cost of the renovation of the build- Measures to an existing building leading to that tar-
ing enveloper the technical building systems ~ 9€t, usually reducing up to 9fhe building en-
arehigher than 25% of the overall value of the ~ €rgy consumption.
buildirg. BPIE associated averagaavation cost for the

The Energy Efficiency DéctiveEED does not building surface according to the level of interven-
provide a quantitative energy saving target for a tion, as reported the table below.
deeprenovatiorbut stated that it represents a so-

. . . Tabled: Average cost for different renovation level
lution able to reduce both the delivered and final g

energy consumption of a building by a significant COST OF THE
percentage compared with theerevation lev- LEVEL RENOVATI ON] |
els. Ontle other hand, the European Commission Minor 60

promotes several funding programs (e.g. Horizon Moderate 140

2020, Life, etc.) aimed to find effective solutions Deep 330

for deep renovation, and set, as a reference value, nZEB 580

a minimum primary energy saving objective at
least of 60% compagro prerenovation.

5.2.1.1. BUILDING RENOVATION PROCESS: SPECIFICITI ES

The renovation of a building follows a path similar renovation, and starting the activities is needed for
to a newconstruction: it is linked to a new life cy-  having a clear overview of the possible iShees

cle of the building and presents the same macro uncertainties can lead to higher costand longer im-
phases design, ctngtion and operation. plementation time, affecting the estimated LCC of
Nevertheless, the initialisation is different, since the intervation.

the renovation process usually starts from one of The uncertainties and difficulties could be linked

the following is=s: with:
9 Failure in the equipment or building elements, § Lack of original plans and drawings (or incor-
f Reached end of life of one or more elements rect copies)
f Upgrading perfenances (e.g. energy, safety, 1 The dfficultyof identifying the features of the
etc.) element (layers and materials)
{ Different needs of the users (e.g. new buildng  Conservation needs
use) 1 Compatibility of the renovatiorithv existing

Moreover, each design and construction processis  structure and materials
affectel by several uncertainties, that can be easiy

identified and solved for a new construction, while

they are mar difficult to be identified during a



5.2.1.2.

When renovatinthebuildingor proceeding with

a new construction could be challenging for a
buildingownersince the decision strongly affects
the buildindife-cyclecost. Thededgsionwhether

to renovate or to rebuild neddsconsider both

the profitability of energy savings and if proceed-
ing with a new building would lead to minor un-
certainties.

There are several tools and approaches for sup-

porting this decision making in thisld, and
usuallythe main factors are reldte the invest-
ment cost, the future market value of the existing
building, the energy and environmental impact of
the applied measur@4orelli 2014)

The analysis of the cost and benefits for support-
ing the @cision deals to four main categories: (1)
planning, (2) facilities management, (3) project re-
quirements, (4) site considerations.

In particular, it is possible to identify some key as-
pects to be considered in the process:

Planning

1. Defining the expedians and targets of the
stakeholders involvésla key activity for the deci-
sion making

2. The use of the building before and after the ren-
ovation is an important issue toaalysedince

RENOVATION VS NEW CO NSTRUCTION

Facilities management

Designig a new building would allamstalling

new facilities and technologies without constraints
due to the existing structure, and the materials, as
well a$HVAC andelectric systentan be selected
only accordingp costeffective life cycleriteria,
reducing the maintenance costs.

Project requirements

1. The requirements promoted by the building
codes are alwaggolvingand could mean to fulffil
ambitious targets with the overall building, having
a high impaatn the cost. In this regardjetaied
analysis of the costs of additional works is strategic
for the decision.

2. The structural safety of the building is a crucial
issue for driving the decision. In particular, an
analysis of the consistency of theiegistructure

and the invegation of past interventions is
needed.

3. The materials used in existing buildings (e.g. as-
bestos, pollutants, etc.) could not meet the current
requirements for a buildinthusan additional re-
pair has to be implemented &esing the timing
and the cogtf the renovation.

Site considerations

a deep reshaping of the building could be needed Renovating a retail store in an area where there is

in case of chaimg the use

no economic growth is a good example of why the
location is crucial. Is the building in a location
where renovations will actuayngrate a return

on theinvestment?



5.3. PITFALLSANDBOTTLEN ECKS

Figure31: Operation processpitfalls



































































































































































































































































































